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ABSTRACT 

The logical equations and a descriptive glossary of logical terms for 
the MAGIC I computer is presented 



Attached is a oop^ of the revised logical equations for the MAGIC I 
computer, together with a descriptive glossary of all logical termso 

•I 

Due to the prototype nature of the computer, logical changes are to be 
expected. Changes contemplated for the MACilC II ccmputer will first be madi in 
MAGIC I, wherever possible, to verify their logical correctaeos, V^%en changes are 
made, revised copies of the affected pages will be forwarder to the above diatributioao 



♦Original Instruction Processing Unit Logic by F. Gurzio 
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r-MJ-;! c 1 Lcy;i Cii scuati om 

1. IKiTItUCTIOr; KOGEaSING UMT 
1.1. GORS LTHiraiiT r,£:'d) AKD C0N1E0L 
l.i:. INiTl;UCTIOK 3UFFSR LSGIirSR 

1.3. OPjKATION CODS EEGI3TER' " 

1.4. GOKKiOL COUKTSE^AMD IKHJT/OUTPUT ADDHSid H3Gl3TEfl 

1.5. OPEHATION GYCUS COOKmi 

1.6. IKiTRUCmCJH COUlITiia 

1.7. 3lAi REGIdTSR 

1.6. 0P2iA3S]} ADSliSii ADDER 

1.9. ilEKCRy ADJJR^d BUjj'FSB RBGl:iTSR 

l.lO.imiQia ADDIiBSS RSGIdT£R 

l.li.IHTfciRUPT 

1.12.IDLS 

l.lS.L'Ca INPUT iYHCHI-:OIIIi:iNG 

2, AKITraSTIC UHIT 

2.1, kQOmjLkTm I;3GI3T3i 

2.2, ^IDLTIPUSR/fUOTISNT RBGI3TSR 

2.3, MDITIPLIGAMD/dIVIdOEi RBGloKSR 

2.4, MtlLTlPIY (XWTROL 

2.5, aiVIDS CmtROL 

2.6, ADDSaa' 

2.7, JiULTlPLY/DlTIDii BIT COUKTiK 
2.6. DISCSiSTS IKPa© 
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3. ACOELEvOMBTJSt AlO OUTPUT PhOC^ilKG UNITo 

3.1. -iC ;SLffii01S?3I3 AND IJSAL TIKE 

3.2. .yCED COOUTEH 

3.3. 400 CYCLE C0OTT3B 

3.4. GIMBaL ANGLS COUHTSSi 

3.5. 3aBTH HAVIOATIOF, 3IAE a CAOTEOi AWH^ M.TRA?OlATm 

3.6. GYBO TQRQDIRG AUD AUTOPILOT 

3.7. HaLJP aider B V 

3.8. iEUAl IKHJI3 TO A HSGI^TSR 

3.9. DliCRSTS OtJTHJTS 



MEMORANDUM 3249-LA-466 8 April 1963 



I, IK.jT..UCII(3S KiOCaialKG ITKIT 

a.l» CORE JEMOHY HUD AKD OCfSTiiOL 

1«1.1. I^SAD ^D EB^TOaS 

1SC8 « SAO GK , 
iEOR ar SAO* CFS 



MtSS « 5 AS CK 



ODJ) BI^ 
SVSN BITS 



WO » iIRO(TRS GZ + 3TO)* + la 1?}S GZ + Al 3T0 
CSS » llRB{rK3 GL + 3T0)* + HZ TR3 CS + i2 iTO 

lat^t 33^4?! W^POT 

OS » CMO CffiT + CMS EDT 

1.1.3. READMITS CONTROL 

FJJIiS » [{MPy ♦ DI/)PG6 ♦ IDL ,VB*] D?24 
RDIR « [(SPY + iaV)CZ ■► BX 4- \«i ] DT24 

V/DI3 X 3DI DTI 

WUl a KJDI* DIl 

1.2. HBtRUGTIOH BTOifffii BxSGiaiaB 

IB24IS s aS|G2 IDL* EX* ♦ TP6 ) 

■f IBllG2*(Dy* -»- GZ) 4. IDL BX*] 
■¥ mTKi5 £Z 

lB24Ki = IB24I3* 



IBnfS = IBn<fl 
iBnEB r IBa+1* 



IB24d a IB24P CI>* 



IS24R a IB24P* OP* 



I3b3 = laiP CP* 
IBnH s IBbP* CP* 



& = 23f22f.aa»<l 

UMSC «'f42-t';*«P6)CP5 -J. (CI DT2-7 f G2* 071223 )(DY* ^ ffijCPl 
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1.3 . OPgiA?IOK CCD3 liaGISTg^. 



QH63 


s 


IB24 


;aTO 


0K6R 


s 


1B24* 


i^jUB 


OKSS 


s 


IB23 


■LDA 


0H5H 


s 


IB23* 


113 E 






•1 


DI7 


(B4S 


s 


IB22 


^IIPY 


0P.4R 


5 


IB22* 


Eu-i 


QR33 


s 


1321 ♦ TRM 


TRo 


(B3R 


• 


IB21* Thll* 


LFj 


QS23 


s 


IB26 


KTiS 


(IKP-R 


« 


IB20* 


oBP. 


oeis 


s 


1319 


rSB 


(JSTR 


» 


1B19* 




Oi;GC 


= 


SO GP* 


INP 
OUT 



IBM = 1324 1323* 1B22* A24 Dol 

DoO 

BC3 =JS CJP5 JTP 

BOa = D21 GP5 



0E6* 0E5* mi* QR3 C2» 

aE6* CE5* 0R4 0R3* (2* 

CR6* 0K5* 0R4 0R3 G2* 

ORS* 0H5 0h4* 0B3* C2* 

QE6* ORS 0i:4* 0E3 G2* 

0R6* Qi;5 0R4 QRS* C2* 

0B6* 085 {B4 OaS (2* 

CE6 ORS* aK4* {B3 G2* 

aR6 0R5» C3B4 (ffiS* 02* 

Oh 6 ai;5 aR4* ORS* 0R2* QBl* G2* 

0R6 GR5 aE4* CB3* 01.2* Olil G2* 

aR6 OaS QE4* 0B3* QR2 OP.l* C2* 

(JR6 ORS CE4* QR3* OKS OP.l 02* 

QIi6 On5 aR4* ORS ORii* OPl* (2* 



0K6 0H5 Oi-.4 0B3* Q|i2* OBI* 02* 

(JR6 0K5 0E4 0R3* 0K2* CKl C2* 

0R6 0R5 aa4 aR3* QH2 OPJ* (2* 

aR6 0R5 0R4 QRS* 0R2 ORl 02* 

01.6 QR5 CBi4 QR3 A24 02* 



DY = TP^ 4" Eli * KPy * DI7 

CLi « DI7 Ki ♦ llPy P'33 t {E.A + TliS ]PC5 
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1.4, OOKgROL CaaHTm ASJ) IIIHJT/OUTPUT ,^DRSii RBGlalBR 



CUIK =(lil* pSQ + (IB14 + MDTKjiS 

Gil PR =fiaB>» ; 

OiBBi sQAZ*^Qk.l* DEO + {1915 + ;!DTH)3S 
GA2EH =0^2 Qkl* 3SC t IB15* MDTN* 3S 

G^Pi •?-. DHC ^'{1316 4 2,a)TK)3B 
GiSJB =P04 DEC 4 1B16* IIDTR* 3S 

GA4PS s G^4* Pli DSC f Iil7 6E 

ai4PH r c^4 p:;; dec •♦• ibi7* 33 

Cli5Bi • IB18 32 

GA5PR • Ca.4* PZ Di2C + IB18* iE 



aepR 



* 1313 5E 
« IP13* iE 



CklH s 

Qi23 ff 
CA2R JT 

CA33 * 

Q,i3Y. » 

G..4i - 
av4E X 

CASa * 

CaSI; « 

(L.63 s 
Gi6I< a 



GAlP CP* 

OilP* CP* 

a^p CP* 

Ck2?* CP* 

CLISP CP* 
G,i3?* CP* 

aA4p CP* 

GUP* CP* 

G'iSP CP* 
Gi5?* CP* 

G^6P CP* 
a-i6P* CP* 



GAGC «C2* DT24 OPS + (LR3 + :-:'PB)DT24* CPl 

DSC * DY GZ:* + J Oi 

KDTK » IB24* IB23 IB22 f IB24 IB23* t JK 

JH * 1824 IB2a- IB21 

33- (DY* + Gi)DT24 G2* 



PCT r 013 Ga2 Gil 

PCe r G43 Ga.2 ai* 

PG5 r Gi3 Q12* Gdl 

P04 r 043 Gi2* Gil* 

PG3 Z Gi3* Ga2 GAl 

?G2 r Gi3* ai2 GAl* 

pa r GA3* G12* Oil 

pa -043* G^2* Ga* 

1«4.1. LB3 AKD h?E QOSIRQL 

aGc-K « G*6 DT24 CPl 
3 am * DTI 



3(77 -| 

3C6 I- (Not decoded) 

1305 J 

'304 r GAS G15* GA4* 

3C3 r Gi.6* CAS GA4 

;3G2 Z CA6* GAS Gi4* 

' 3 01 r Gi6* GiS* GA4 

3Z Z QX&* GAS* CA4* 



3Ci>S r^CFP CP* 
3 Gill = 3C?P* CP* 



3G3 » (P::* ♦ GA4 f GA5)(LR3 f r'.TE)DTl-12 
3CP» Gi6{I.Ri ¥ ET5)Dn-12* 
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G13 • CIP CP* 

Cl» = CLP* CP* 

G23 = CSP CP* 

C2B = (2P* CP* 



1.5. oi-jhutiok gyglj: couKTait 

am = 00 (2Y* + G2i) 

OLHi = ai(DY* + C:) 4- TP6 

C2Pi r Gl(DY* ■»■ 02 ) 
C2Fii = G2(DY* + G£)IDL* 

GGC = DT24 CF5 

GO r 01* CS* 

1.6. imTRVOIim COCTTaR 



ia2P3 = iCl{TP7* D21* C2* + TP7 DT1823 4- IDL) 

+ OS IP? DTI -12 

+ 34 0.31 

♦• ABl GS<IKT1* ■»• INT2)IDL* 

* M2 G2 IKTl IRT2* IDL* 
IG12PT> = ia2PS* 



1 0123 r IC12P GP* 



lOnRS r ICnt-l 
lOnlS r lOn+1* 



n s .11,10, ,1 



IC12E r 1 012?* CP* 

lOni r IQiP GP* 
IGaR S ICnP* OP* 



lORC r (TP7* DT1217 t TP? DT182iS)GPl f fFl DTl-12 GPS 
TP6 = {2RA + mJlPGS 
TP7 s ( TEA +• TPJ3 )PC7 
mi = (DT* •». ffijCl 
1.6.1. ^mTRVaHlCtB CODKT IHGI.oltSKgSR 
i3 = Id « Cr3 



CY3P3 = d::i JSIP* IUL* QTII GPl 
CY3iS =(101* DTll* t DT18) GPl 

1.7. BlAa I3Gl3iaR 



C5f3j a CY3P OP* 
CY3K s CSP* CP* 



Bia2P3 = (BKl MHE* f ABl JEBB )TP7*(3BE* ♦• DT1823) 

♦ Gas TP7 

t ABl dBB JT1214 
BK12Hi = Bra2Ri* 



BHnBJ = BKn+1 
BRnPB s Bii^*•l* 



n ? 11,10,....,1 
BRGC = TP7* DT1217 GPl ^ (TP7 + iJ3E Dn823 )DT1-12* CP5 



SR123 = 3B12P CP* 



BBl2rt s BR12P* OF* 

BFmS s BlinP CP* 
SRnR = BEnP* 0?* 
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BDOti = Bia DTi-12* +■ I a :jT1-12 

BDOHi s HDOS* 
BDOC = CP7 

BD" = BDCb 

I.e. OPSJ-AITS ADX.iijJ ADSSS 

o4 = X4 e Y4 • Gy4 

X4 s IB13(X4G +■ JG)DT1£17 f CG 

Y4 = (BEl BI3* + ICl B:^i)Y4G DT1217 

X4G3 = [pi* f <E)DT10 
X4eE = AC* TCf DT15 + DT16 

Y4GS = (IB24* 1320* + 1524 IB23 IB21)(DY* t GT: )DT10 
Y4GII r DTje 



CY4K = X4 Y4 t INTl TRi rC6 DT17 

CY4m = X4* y4* CY4 

CY4GCS 1I;T1 jSm FC6 DT17 0P5 ^ (IKTl Thii P06 DT17)*GP1 

CCPti = {X4(i aG* TCr» JC* 1313 DT14 + AG DTISJCPS 
GCKi r D'21'? GP5 

AGi = IBi;4* IB20{DY* ■♦. 02 )DT10 
ACS r DT17 

rCi = 1324 IB23*(DY* + GL: )DT10 
XGR = DTI? 

J^ = JH IB23(DY* i Gi;)DT10 
JtH = IB12* DTIS t I>T18 

3133 = (Jn + IB19)DT10 
BliR = JK* IB19* DTIO 



CY4i = CY4P CP* 
3Y4I{ = CY4P* CP* 



CQi z CGP CP* 

0C8. = CCP* CP* 
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1.9. l.ISIi:aRY ADDRBiS BVa'Fm I.mii 'Zm 9 

AfilERi = IG1(C2 IDL* + TP7 ) ■ iBl2i = A312P CF* 

f iiZ D.'^KIKTI* -I- IITT) I 

■♦■ 34 [CJOlDY* + G3) + 'FH5 PCS] 
t ABl IDL SN* 
•♦• HafTJCyS EN 

+iKri i:;i' 

^12FR = aBlSPJ* .iBl2? = .i,212P* CP* 

^ ABnPj = ABn+1 n = 11»1U, ,1 i AEni = .^BnF CP* 

' rvBnPH = ABn+1* i ABnR « /tBnP* CP* 

ABGG = [(.DY* Ji3>* + -JilDnai? t (lun nvc f TFJ P;6 ♦ rF7)DT1823] ir^* cfi 

■♦• jn-12 jiii CP5 

1.10. :jemqry A..DRSdi> hijGiayaR 

llAaii = ABn n = 1S*11* »1 

Jlinli = jtBn* 

!:AGC = DT24 GP6 

1.11. INTSl-BUPT 

IET13 X IKT3(MDTK* t a:)flB12* f IB11)C1 DTI GP7 
INTIH = Tft3 •GS t INT2 TRi* C» (3Pl 

iNKa = iNTi INT* ca 

ITHTSR s ISn* 

IlITSa = INT INn* DT24 , 
I1IT3H = IKT2 

IIfT4iJ = 02 IKTl 
IKr4R = r'G3p DT24 

ISTSj : ilGUINT 
IHTSK : IN'M 

IHT = i!'04P i?CaP GF IKT4* IfOi<J£INT I-L* t INT5 
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• 1.12. 1DL2 10 

IDLS « LOGIPL KX* '.«J* G2 BTl 
miM = (LOgIdL? ¥ 2X. * ■:ii]QZ DTI 

1.13. L'CD lEHJT SY'JC 

EXa « iiXiliiT id;:. 
EXIv = IDL* GO DTI 



VJ33 s 


•-TDdTSP IDL . 


•.7iR * 


IDL* CO DTI 


2!i3 « 


SKTCm IDL DTI 


2IRR » 


Dn8 
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2,1. AGCRJKULaTQR HJgGIiTHR 



11 



.■v24E» r 32(-,?E4 ♦ .K7 f .IDD t ^UB ) ; .i243 = A24P CP* 

+ ol liZb 
+ 31 a ta? .Li J 
4-32(1^17 OS DT24* f XAB + iCP dCi"* f BT2) 

■Ma ISP 

+ IB»D;3I I)!l?24 

+ .x2(j:HY per? t 3T0 4 out + 3SI DT24 i- IDL) 
+ ^4 Lttd i)'n-l2 
aJ24PK a A24Pa* j A24K s A24P* CP» 

A23E» s il ('^4 ■♦■ '«7 + ADD + aUB ) ; A233 s A23P OP* 

1- d2S> \fZ5 

4 BKDIV en: 4 X.iB t 30? 4 hUE) 

t JfflOUl liiK 4 LDA) 

* IQ IHP 

4U|DIV PC? 4 aTO* OUT -¥ J}SI-4 I»l) 

+ A24 LBS DTl-lS i 

A23PB « A23PB* U23H s A23P* GP* 



AuPS « Aa*-2 n = 22,21,., 1 |Aii3 = AnP CP* 

AaPR a An42 i AnK s AnP* CF* 

aBBJ s 31 DIV P(77 ' ABd s ABP CP* 

+ ^{SZl LBT* 4 DIV*) ) 
4 SB ;727 LBT 

A3PR s ABPS* ; /iBS x ABP* CF* 

AGO s BGC ^.{LM 1- ADD 4 aUB t- oTO 4 UTP 4 OUT 4 i::JK 4 MI 4 IDL)CF3 
Ahd = Al DDT 4 A2 SDT 
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324iii K a2(^Y PC7 + ■S24 LBT + DI7 (i> + XAB ) 

+ a2(iiPTf p;;?* lbt* -c jiv pg7 t tii;) 

t dl i!PY O:^ LBT 

+ A24 Llio iCa^ 

B24H( = B24Bi* 

BESK s Al(La>r PC? + ^724 L3T + UIV Oii ♦■ XAB ) 
■♦■ BlClIPY P07* LB 5* +- JIV PC7 ) 

-^ A2{;iPX (s LBT •♦■ iiTiS + Laa ) 

+ DC ;727 r'BT* 
323Hi s 32333* 

Bi2B3 s Al(Ilk> ♦- K53J .». fl24 Jl^* iiTE* 
B£2Ph ■ B22?£>* 



n = 21, 20,*.. •••.fl 



BnBi = Bn4-2 
BnER ■ Bn+2* 

BBr3 = B2 
3BHi a B2* 



3GC = [TTZA + '.?25 + ',727 + jGj + JCP)GP1 
+ {l:?Y PC7 + DIV Vie?* ♦ :<ABJCP5 

£«.^. BPLTlPUCialD/aiVIiai-. i}.EGl^Tm 

I.24Ki = [n.BllTY * :jIV) t tiii -/.jDi-c? 
* * (LT LFI t :2 DI7J(i:* P'.J7- 

+ la ijTT urn 

i:^4PrI = i-^4ib* 

:U23PJ r CL30{1£?Y + JI7) + ;iIO rilj] PJ7 
+ (Li }-^Y ♦ LI liI7j:J7* 

:23rU = i:23Bi* 






n 



^^f^*Ly«« ••»«yX 



llaPJ = d.(i:PY* + PC7*) 



12 



B24i s B24F CP* 



E242t s 124P* CP* 
'•"233 a I3,.3P CP* 

;3£3Ii s B23F* CP* 

: r>22si s 1^22 P CP* 

!B22H « 3:-2P* GF* 

i 

I Bnj s ?nP CP* 

; BnP. s 3nP* CP* 

'.p.m » ?.3P CP* ' 
' ;i^R » -.?r* CP* 



:.«4j s r:,4P c}' 



;,2:4;i = -.24?* OP* 



i;.^3i s ::i3p jp» 



i 

U'Ei = LiiP Cf*- 
LiiTv = J>!«p* d* 

rs^ = r^r c?* 

12:. = I.;3P* OF* 

:Lij s :%lp CP* 
LjJi s : .■.:■* Gp* 



LGG = R'^24 + •,,■25 + .727 +.i,CS* t JUi')ii-i* r.TIi* PC7* t :CJ:3 IDI* CI-^1 

♦ [l::^j + :;iv)pj? ^. 7h4(PG7 f pcsQ cps 
:;ai: = ik?i xi;?2* co* ijn2i7* 
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Z,A. :7L?I?I.^ JO'-:..OL 









>* 



13 

■D.-.0 - ij;'p Ci* 



DlPi - 30 :;»A*+, B3 



.-».* 



jl.'^i: - jlPi* 

■:C ') - 11 Jrl . 

ai * (:,.:y + Di7.;p-J7* l;':> (:.ty* jit* t r:7)K'24 

vl£4d -a. IIPY PCo Dri 
Ti4r. -a n)TH4 /B? 

' 7Jli5i -la'-y fCJ4 i)T24 .'E? 
..5. JiVIDii: OOK'JI'-OX 



DU -JIP 'OP* 

:3i: z DIP* cp* 



:.jpi -(..2 ® :l- :i* ir:7 > {.-a ® Jix j?J7* 



I j.a;~ .ojp 'jp* 
jj^i.- ;jjp* CP* 



'^73 rDIV P06 DTI 
;/27it = (CL 4' lDL);;n. 

ii r n 8 n © CYi 

XI = .-d'C:;: +f;v3)G2* 

n Z LI C3 T 13{D1 L3? + I>2)Lii^-y t ISO IIPY* DI7* 

CyiRr 3C(Y2 t C?2}{.C ® «;>* ) + Yii J'ii] Gl* 

. CYIPE r :;YiBi* 



CY13 r CYIP CP* 
CSIR = 0Y3P* OP* 



CyiGC r CCi^r + DI7)CP1 + -:py* DIT* GP.3 
J£ rt>:2 e Y2 e OYE )(;.:? Y* + i 07* ) 
:^ = <i2 G£ + .a JI7 + ,iE LPT l^Y 

Y2 r IE G5 + ;i D2 Lsr* i^^Y + LLOlDi +• 1)2 )L3T rp>Y + :>:?;3 :,.:rY* 'JIV* 
CY2 5 (Yi + cn){:a e ad*!? + yi cyi 

G2 r L:-?* a^Y + li-Y* 317* 
(13 = Dl LBT* .-i-^ + 317 
-iJ*= 33 i-TY + DC DIV "f iU3 



J2.DEi = J2 .-iGC 
i2DH: = J2* AHC 



i2Dii * o2DP CP* 
32DF. e 32DP* CP* 



KCli 


« y.Q.? GP* 


::ci:. 


» :.:cip* cp* 


i!Cn3 


■ vCiiP tjp* 


i:Qnl-. 


» rem?* cp* 
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2 ,7. rJLTIFLlf/DlVIBa £1? CCRJKgg; J-* 

lIOlEi • 11(3.* iIC4*(iIC3 +• i:C2») -t- L^OS* iI04 D17 ■ 
1:G1PR ■ LiGl(i!04* +■ 1?J£ i:cs ) 

llGnPi • IlOn-l n = E,3,...,6 

irOaPu - LIGn-l* 

LlCr.G •-'(PG7* 4" ^/BT* ICPl 

i'-BT ■ 5:01 H'OS* lies* t:C4 
L3? * lies* res i:q4» 

ID « i^LI bL PG3 t 1A.I 3i: r04 f IC? ill P(S t liOD i:; PC^ t ^-^'^ ^ • ^ C7 

3X0 iCl Pta + iCl 3C1 P04 -f J02 J CI P<S t J05 J CI rOG t J04 id FG7 

iC» iC£ PtS •»■ JU6 iC£ r04 #• o07 i02 PC5 -t- ilO J (2 Pa6 + OI-.H o (2 ?G7 

idP-oJ3 P03 ■«• IL-ui JCS P04 i-' Til.: iCl PCS t 7i--i 3 03 POB + KB iOJ i'CT 
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;5.1.1. AOCELSaOriT^-^ fllOCaaJiMG 

3.1.1.1. u AXia ' 



AUR13 - IIIB DT2S CP5 
aUR2K - lUil* P3?23 Ci>5 



15 



AUQ13 sr IDSJ DT23 JF5 
AU(;iH = lUQ* DTSS GP5 



IVm = [Aimi* (AUa AUQ2* t AUQl* AUH2 ) 

+ aURI (AUQl* ATJWJ* t AUQl* iUC2 )] D2!24 GP* 
AUBK = DrS IU7* GP* 

AUC3 s UTmi*(AnQl* AUC2 t Alira Ani^.2) 

+ .JT.l {AUCl* ADE2* + ..UCl ATJC2* )] DT24 CP* 
AnC2^ = me IIJT* CP* 



AUi-;2a 


ar 


klJRl 


DT24 


CIS 


AUH2E 


- 


AUBl" 


' DT24 


C1^5 


^VQ2i 


-• 


-.UQl 


:)T24 


CP5 


AUQ2H 


s 


aHCI* 


■ DT24 


GPS 



3,i 4 ,, g, 7 4;aa 

-iVIilo = I7K DTS CP5 
AVBlVi = IVB* DT6 GPS 

AVQI3 r IVQ Itfb CP5 
AYQIE = I 7ft* BT5 GP5 



AVIi2d 
A7>;2P. 

AVQgS 
AVQ2H 



B kTJil DT6 GPS 
s AVll* D76 CP5 

= AVQI DT6 GPS 
r iVQX* DT6 GPS 



AVBi r C;iVIil*{A7Ql aVQ£* ♦ aTQI* AVQ2 ) 

+• aVI'.1 (A7Q1 ^mZ* ♦ AVQl* AVC2 )] IIT6 CP* 

avbb = un2 lut* UP* 

AVGi r (;A¥Itl*(A7Ql* AVQg t-AVQl ATm2) 

+ aVPI (A7<il* AVR2* + AVQl A7Ca*3^56 CP* 
AVffi r DT12 lUT* GP* 



3,3i-,^3, :f i^m, 

A.&13 = I.TK DTll GPS 
A.7111E = I.TB* DTll CP5 

A-.?QL> = I-^Q D3?ll GPS 
ATQIE = I^Q* DTll (S-S 



AWF^E 

A-,v€;25 

A'7C2rt 



s Ama D712 GPS 
s .i',!©!* 1)312 CP5 

a .I've! DT12 GPS 
« AlOX* DT12 CP5 



X:7M = CAai*(A,7Ql AJG2* + AIQX* A'^:2 ) 

t ,H7/ai (Av7a .t3H2* ♦■ AV;G1* AWQ2)]I)T12 OP* 
AOTE ^ DT18 I'iJD* GP* 

A7/C3 - A'JR1*{a.1C1* A',7Q2 + A.va A'iffiS ) 

t nTffil (r,7Cl* AWR2* + ckvycl ..,}v2* )] DT12 GP* 
A7?CK -Z Due ITO* GP* 
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3.1.2. AGGSLffi^lOL'STSa ^^D I-SAL TIKE 5aGI3TSR3 

3.1.2.1. u .jm V AcciaLSRcaisTig-. liSGiaTgj; 



U716P3 s HAdI lUV* 
U718PK = UVlBBi* 

UTHFS s U7n+1 



n • 17,16, 1 
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IP/l© s U718P CP* 
UV18E r UV18P*GP* 

JTT-tia r D?iP CP* 

rnvR s. wmp* ' csp* 



UVGC s 'lAT* DT1225* lUT* CPl + (l)fl-9 + DT1321)IU7 CP5 
IU7 = INP PZ 

3.1.2.2. .y ACQaLaaOHBTaB AJTO DELTA T KacidTsa 



,7D18Ki = H«i I'«D* 
'.7D18PB = .7D18I3* 

jS)nPSi r r/Ds-fl 
it[DnPB = tVDn+1* 



n ■ 17,16, 



\;mieA s ;vDi8p cp* 

pyDlSH = :©18P*CP* 

'.Vltoi s v/DnP CP* 
,7DnH = VfltaP* CP* 



r/DGCZ HAT* DT1223 I,?D* CSPl ■♦• (DTI -9 f DT1321)I,/fl CP6 

iwD r iHp pca 



HATR3 S (DT5 + DTll +• 3217 -»> DES ) GPl 
HATPH = (DT6 4 DT12 + DT18 + DT24)(aP5 



HAT3 s TTA!PP CP* 
JUIR = HaTP* C3P* 



IhDOS S {xm XUV + Aia I^KDTI-S + DT1321) ♦ ASK DTI -9* DTISSI* 
lADOE = lADOS* 
lADOO S CP? 

IADB3 r {UV2 lUV + ;m2 ITO)(DTl-8 + 211320) f ;uiB DTI -9* DT1321* f AaiS 
lADSB Z lADiS* 
IAD3C = GP7 

A3JS Z Ctm iy7(LT9 - BT21) ♦ 7/Dl IlW) DT9] CP7 
A3Jffi = (DTI t DT13)CP7 
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g.l.g. F-ALP .U)B3R A ^ 17 

VJ^ = RAI 9 IIAK 
HAI = UVl DT1223* ^« .VDl DT1223 

HAKa = (nUK DT6-17* -»• I^VK i)T6-17 )DT12£5* 4- XEJTK DTe-17 ♦ IiDK DT6-1 7* )Dn223 

HiOdi = HAlfii* 
KAKG = GP* 

HDKi = (aUB 4 AUG) HAT DT1223* 

ITUKt = (U71 AUB + UVl* AUCjIlAr* ♦ jT1223 

iimfc = Gpi 

imj = (hVB 4 AVCJHAT BT6-17 
HVKH=-{UV1 aVB •► U71* A7C)R.tT* + DTS-l? 
H7KG = G?l 

HSKi = (AVVB + AV7C)HAT UTIZZZ 

H.aCH = (V/Dl A'.7B + VDl* A'.7C)KAr* + 211223* 

HV<KC « CPl 

Hiaa 3= HAW HAT DT24* 

HDKRa {,S]>1*»HAT* DT6-17* Da2£3 i- DT24)I\V!D* 

HDKc « ca 



HAWIS 5= HA-,V* i)T24 CP5 
HAffPH - HAW DI24 CP5 



mm = ¥^W GP* 
RAISE = KAIP' 'CP* 



5.2. TKBOi (x mrm 

.VaPS - •.7a* I)TS4 CP5 
wrClER = IVa DT24 CP5 

rVG2Ri= ,7C2* V/COLP* 
WG2FR =s i7G2 iOlP* 



WC3l3 - (WGIP ♦ om IBTI 
Wai * WGIP* (MB* DTI 

W.CZ3 = -.veep i7cip .■'■■.■ 
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3«3. 400 GYOLg CCWKTER 

r'04PS = jfQ4* Jf'Q* 

i^O+IB = ^Oi{F(Z + j?G5* PCI*) 

ii"G3Hi = i^'G4* 
FC2FS r i-CS 

Fcaps = Foa 

PCaPR r ifG2» 

?OGC = GCL OP* 

FOG = i"HO + FCJIP* FC4? i'dSP* 

FHO X FClPfFCSP FG2P* + j'CSP* i'G2P) 

3,4. GISffiAl AHGLE GCmfTEKa 

3.4..U GI^IBhL ;iHGUg QQ TOr QOK!I^.O;. 

GGi = GJf* GGS Cn 
GCaB = GG2 GPl 

GG23 r GGl Op* 
GC2R = GF OP* 

CCSd = GA* F04P* FCKp Fap* GGl CCB CP 
GG5li = FOgp* 

G04P3 = GOG CH 
GC4PH = GX* Ca?l 

GOG = GF* G3G + GCS(SF* ♦ GoG ) 

G3G = GA F04P* FCgP FOIP* •► /04P FC3P{GB FC2P 



FG43 r 

JG4:t\ r 

i'C3i = 

FG3?. = 

FG23 



! '. 



i''ca.3 • 



CIR 
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F04P CPl 
i'04P* CPl 

i-'C5P CPl 
?C?P* CPl 

FG2P CPl 
i'G2i^ CPl 

rdP CPl 
FCIP* CPl 



i G043 s G04P CP* 
i GCffi c G04P* CP* 



+ GC /G2P* ) 
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5.4.2. Gl:iBiil aKGLS GOUHiaH - LffJ (MPm 

GAlRi = (GAl* GC4 + GRG)GPl 

GAIHJ s GAl (J 04 GPl 

6A2KJ s G4i2* GAIPB ♦ GJvG GPl 
GA2PB s Ga2 GA1I>B 

GA3I9 * Ga3* GA2HB ♦ ORG CSPl 
GA3PR Z GAS GAiSpi 

GA4M s Gj.4* aiailB + GRG QSl 
GA47K s r;A4 GASHi 

GA5J3 s GAS* GA4Hi + GHG CPl 
GA5Hi 9 GAS GA4Hi 

6A6I13 S GAS* OASEB •¥ CBG CFl 
6A6JS r GA6 QASFB 

aA7ja « GA7* GA6Hi + GRG GPl 
0471^ s GA7 GA6Ki 



GAlS B 

GAlB s 

GA23 B 

6A2fi X 

GAdS is 

GA3i « 

'aA4a r 

.(^:44fi s 

GA53 s 

GASi' ' It 

SA63 s 

§A6B ;r 

GA73''«: 

GA7B «: 
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GaIP GP* 
GAIP* OP* 

GA2P CP* 
GA2P* GP* 

GASP CP* 
GA3P* CP* 

Ga4P GP* 
GA4P* GP* 

GASP CP* 
GASP* i^ 

GA6P OP* 

GA6I* GP* 

GA7P CP* 
SA7P* GP* 



6C63 r GA7ifi G04 GPl 
GC5R = GA7Hi* DTIS* OSi 

GC63 s GCS QA7Xfi* 
006B S GC5* Va D!n9 

GEO = XOA DT24 t ^6 

GAC = GG& va JiTlB 

3.4>3« GIBBAI. AH6LB (XmTSU » HIGH (giPga 

GAl2ld = BBi ^ XGA t ]m& 

oaxEK r HBa* iGA* vm* 



GAaS9 S GAn-t>l 

GAam s GAafl*" 



a = 11,10,9^8 



GASm * GAltP CP* 

0A12B m GA1«P* Sr* 

(U»S:»->^flA»P CP* 

Qh& * GiaP* CP* 



Gifie s (wa ••> xoA <t> iBa)i)n923 cps 
i(^ = imp PC3 

6AB r GAl am > GA3 DTIS + GAS BUS f GA7 DTI? + 049 .DH923 

GAO = GA2 DT15 t GA4 DT16 t GA6 IIT17 ♦■ 048 DTI 923 

IQAM r GAS BTliai CP7 
ICABR a (GAB* t DT112l*)CP7 

IGAOa S ftAO DT1123 CP7 
IGAOR X (6A0* -f Dm23*)0P7 
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3.5. &iHTH MAVIGACTOH. 6TAB. dCXKSm AM) SX!ffiAP0UT05 

3.5.1. 3AETH HAY.. dT AIi dCABBBR ABB 3X1RAP0LATOB KBGI3T5fi 
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B312IQ r AE3 OB -f HB3 a!B*(IH3* f DTl-12 ) 
B312I»B r BSiapS* 






a » 11,10 »1 



1B123 »1B12P CP* 
lSbl2R B IB12P* CP* 

iBaS s iBnP CP* 
B3bR 3 RJnP* CP* 



KSGC sD)Tl-12» IHi. + DTl-12(aiS3 + *a CP6 

II&S3 S IEi2 DTi-12* CP7 

1H3SB r {K32* + 311-12 )CIP7 

ISiOa s lil Ml-12* CP7 

HBOB r(KSl* + DT1-12)GP7 



IIB r IBP PC2 
ORJ r OUT PCS 



aTMOfflOHIZIgC 



3.5.2.1. OPfflKCTR 

0P13 s POD 0P8* DT23 
OPIB = OW l^a* DT23 

01113 = KQD (S2* DT2S 
OTIH s mZ WCl* DT23 

OC S 0P2 7CI DfS 

OB = 082 7C1 SfS 

LF13 s Pit m* inss 

LPIS S LPS 7a D!!S3 

JXlii z SAL LirS* OTSS 
Ulli = LH2 VCa ST23 

IC = LP2 fd* DT24 

I£ S IB2 WCa* DS24 



0P23 s OPl \y(2P DTI 
0P2R s ^ca* 7C2P* DT24 

0823 s CKl ',7CSP DTI 
0B2R s QP2B 



LP23 r LPl VCZ BTl 
LP2R « WCa ^02* DT84 

IK23 « IRl ^VGS DTI 
Ilf2R « LP2B 
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GPUi « oC4 ?(J6 QaO GPS 
6F3a « (dSP •(> MOi^ •!> D0?)CP5 

Iiii3 s ;»C4 PC4 DdO DT2 

5t$|gt?t W^f^ITY OOWT^Qjfr 

iAG3 ■ jC4 P« piiO CP6 
iAGB s QiK CP5 

3AIS « 3C4 PCI ISO GPS 
oAJrai a OiE CP5 

320^ s dC4 PCS mo CP5 

SSGR a CbK CP5 

3BSS = oCi.i-CS Q30 CP5 

3EKi = GiR CP5 

C3B = iC4 PC& 030 

3,t,5,»,3, jiHABj;!;. 

S.iC3 = 3C3 PJ BdO aP6 

EaCB s {33P 4 KOi^ *• D0^)CP6 

iSAP3 s J 03 pa Dc>0 CF9 

280} s oC3 PCS StiO CPS 
BSCEl s BACH 

SS93 = :iCS PCS I]ciO CPS 
SBIfi 5 SACK 



3.5.3^. Ki KiiGISTSB ZHRO DSTBOTCffl 

JtilLi « DTI 
»2R s 1B12P 



22 



MEMORANDUM 3249-LA-166 8 AprU 1963 

g .5.3.5. aCAK GOHTROL COPHgJa R 

3KU =dK2* a\73 oTl DT12 
3K1R =iK2 ii7 all DT9 + lii* 

dK2S r 3K1 aBP* STl DTS 
iiK2E =iKl* DT24 

5.5.3.6. JTAR HJL33 yiDTH OOUyTgE 

dJ?4BJ= iK ISTI^ CP5 
5mFR Z am* + 13W)CP5 

iWtaPS :i;«»tl CPS n »3,2,l 

swtaiS r i',fti+l* CP5 

3HCK r oDP dll I)T8 CXP5 
3HCHI = 3'Sl* 3HC CP5 

Idf - IBP PCS 

Idf OB r 311 ;p4 * 
Ii#OB «JW1* CP4 

3.6.3.7. OQARdB PULiS COMmOL 

JJLi s &i6 DT2 CP5 
3J1B s m&* SI2 (35 

3J23 xCdJl* mil iAF* 3BP* + 3Jl N311»(aAP f i3E?i|l3iS -yCl 113* T)T9 CP5 
3J2B aiJT8 CP6 



3W43 =iW4P CP* 

3W4R rJ'MP* CP* 

i.Ttta sSJtoP CP* 

iWnR =S-.aiP* CP* 



3HCa S3HCP CP* 
iEOi aJHCP* CP* 



S.5.3.8> 3CAB PAiiT COHMTgS 

iP4Bi » {3P1 # 3P4* )3PGC 
3P4IK s (iPl 9 aP4)iPCrC + I3ii* 

3PnP3 sdPa dPGC 
aPnPa aJPn* iPao 

3PGC =(3T1 3KE f 337* aK2*)DT6 
. SSI - 5P1 Spa. 6PS 



3P43 r 3P4P OT8 

3P4E r3P4p* DPS 

3Pll3 S i£«P DT8 

3PBa 5 3PnP* DSNS 
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3.5.3.9. OUTPUT PULiE ;iYItCmiOmZI]!lG 

iT13 5 iT2» FOG Wa*(GP15 +■ IjS )DT3 CP5 
3T1R » DT2 CP5 

jjriiS a in i)T24 CP5 
3T2R = FOG* CP5 

3.5.3.10. OUTHTg FJIflS GAgSa 

FAP s 3AF* Ba?'$n 

FAB « iAF JSAF.^Il 

GAP a 5AC!»(3Ul^ ^,3JZ I33i(3Tl f 3 J2 ) 

CAH » 3AC{SAC + 3J2 Id3j{3n + 3J2) 

I1EP s 3SJ?* 3BF dTl • 

F2ir s 3SF'S£F 371 

CEP s SBC* (SBC + 3J2 Ida)(dTl <f 3J2) 

GSEEH = 33C(B!S0 4 SJ2 133 ){3n 4 3J2) 

3C a(3AF* SaF f 3SF* BB»JI33 3T1 a3P* D1S4 

3B »[GPtt t 133 (SAF &^ 4 3EF BBF|)3T1 33P* DT24 

3£i8 s 3(S FC4 1)30 CPS 
SEUE s (UOF 4 S0F)CP5 

£XGO s 3M 33P 
SXCfi « 3iOF 4 SOF 

£B 3 3BU SXO* Wa* DT24 

3X a SXO 
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3*6. GltEO TOBQPBE iOiD AUTOPILQg 

3.6.1. glEO 'S mQm^ AKD AUTOPILOT ElJGIiTZR 

TA21RJ « AR3 024 + HBJ OIA* 
TAElHt • TA21S* 



TABfS s lAn-f-l 
TAwFS « TAn+1* 



B ■ 20,19 ,1 
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TA213 • TA21P CP* 
TA21R « TA21P* GP* 

TAnS « TAnP CP* 
lAuB «TAnP* OP* 



TAGG » (WCl* Whf* + 0TA)(DTl-7 + DT9-16 ♦ Dfl723)CP5 
OTA ■ OUT PO* 
3.6^2. GYBO Tmmim HTiaS COBTROL 

3t^f?t^t ?0Mitf,yT c^yy^Qi" 

3S3B » IA21 OEA DT8 GPS 
ffiXR » 3»21* 024 DT8 GP6 

0353 m 1421 QfA DT16 CP5 
IBia » 'C421* 0!EA DT16 CP6 

!KZ3 « 1421 OTA DT24 CP5 
©SB 3 1421 ♦ OfSA DT24 CP6 

TSM 9 QlSX HBEB* lAl* DT7 t 1B3C* HBE2 DTe)TK2 TK3* * PLT]cP5 
TirXB ■ (OIA }f]Jt* t M0P)CP5 

TSTS » QlBY HBKl* HU* DT16 <■ TBY* HBKl DTl6)!nC2 TK3* ■♦> yirJCPS 
5MXR ■» TSXR 

WZ3 « fClSii HBK2* lAl* Dr23 + 232:* HBK2 DT84)!EK2 TK3* ♦ ?LT]CP5 
3!K2B » HKXH 

5.6.2,3. QPSRAII cat ATO OUTPUT COKTRp^ 

TK13 a FOO TK3* WO DT23 CP5 
IKIB « DT2 CP5 

IK2a • TKl OTA* DTI CP* 
TE21 9 TKZ Bigs CP5 

TESa a TKS 13TZ4 C3« 
TKSa » POG* Cf^JII; 
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3,6.2,4, OPTPUT HJLSB CITES 

TXP « KX* THX* TSQ 
TXB • 3SX TKX* IPO 

TIP « (BY* TNT* TPG 
TYH « 23Y THY* TP6 

T1:P » TSZ* TNZ* E>G 
T21I » 132 TSZ* <te& 

TPG » 1K2 IK3 OUA* 

Td « KY TSBTY^ fliS TK3* DT8 
TBI « !SY* THY* TK2 1K3* I>T8 

TG2 9 33X TNX* TKl DT24 + 1SZ TS2* TKZ Bffl* Dfl6 
182 s TSX* THX* TKL DT24 f 3SZ* THZ* TK2 TES* DT16 

HB8 3 HBI 9 HBfE 

HBi s (mai i)Ti-i2 + CA8 DTI -12* )y7a ^. ni wa* 

HBK s (HAV* f JD3a-5 )HBK1 + IAV DTl-5* HBK2 Wd DIl-12 
f HBKl vra DTl-12* 
♦ (HBEL ST9-16 + HBK2 J)T9-16* )WCl* yiT* 

RBElBi S (30 4> dB 4 LC 4 IJ» 4- GAC 4 TQ 4 TBI 4 SB}CP5 
HBKliB Z tHBKKHBOl HBI* 4 HBBl HBI) 4 HBCl* HBB1*3CP6 

HBK2IS Z (OC 4 OB 4 TG2 t TB2)CP6 

mKZm a [HBK2{HBG2 HBI* 4 HBB* RBI) 4 HBC2* HBB2*3(3« 

HBG13 s (aC 4 LC 4 GAC 4 TCDCW 
HBCXR r(DTX7 f I>T23)CP1 

HBB13 s (3B * p. 4 731 ♦ SBJCPI 
HBBIB a DT17 ' 
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HBK13 • HBKIP CP* 
HBKIR • HBKl IB CP* 

HBK23 • HBK8P CP* 
HBK2H ■ HBK2P* CP* 



HBCS&3 s (OO-tl^j^*!^ 

HBe2B « [on ,'^ Jit 7 )waL k sn "na*] en 

H3B39 « (OB 4 TBZ)Gn 
mUZR Z HBC2R 
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3.8. 3EBIAL I1?HJB TO A RBGI3TSIi 26 

10 = lADOdUV + I'OT) + IGAO lOA 
4- imO IH3 f IMO PCS 4. 13W0 tiW 

IS = IADB(IU7 + IWD) f IGAS IGA 
f IB3E ITB + 1MB PCS + dWl I3W 

5.9. JiaCRBTE OUTPPIS 

ACPa « iZ K. la b CP5 

ACHl X (iCl PZ 260 + 1I0F)CP5 

AMIii m.SZ pa S80 CPS 

aKtH »:.(3C1 J?ei B8 t MaFjCPS 

D.1.TB « 32 POB D30 CP5 

DATE 3 (dCl PG2 USD + K0F)CP5 

mm « ii2 PCS sqo cps 

BIl® s (3Cl PCS DdO + MOFICPS 

mom 9^'^ P04 1)80 CP5 

5CS® s (sa P04 230 * M0P)CP5 

PJEDQ » ci2 PCS D80 CPS 

BBIB s (3 a PCS D30 ♦ 1!0P)0P6 

3D13 r 32 PQ6 BSO GPS 

3D1R s {3C1 P06 D80 f M0^)GP5 

PIJB s 3S PW BQO CJPS 

PMR X {3C1 PCJ7 B30 •♦• K0P)GP5 

MBD « 3CS KS IBO 

AH2Q = see P2 DBO CPS 
ARISE s OlOF t DOP) C P5" 

PGR 5 3CS PCI D80 

PITS s 3C3 PG2 D30 CSS 
Fim =(j£OP f D0P)CP5' 

GA16 s 3G2 PCS SSO OPS 
GAHa s UOF # DOi?) C P^* 

3!e^ s «iC2 pRi^O CPS 
3IAH aO^OJ? + I>ii^)Cf'S 
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3.9. DISCRETE OUTPUTS (CONT*D> 
MAC « SC2 PC6 DSO 
TAC « SC2 PC7 DSO 
HALT i= SC3PG4DSO 



COPPS « 
COPPR «= 

COPGC * 

DOF •« 



cop* COPGC 
COP COPGC 

SC3 PC7 DSO DT9 

SC4 PC7 DSO 



COPS « COPP COPGC* 
COPP « COPP* COPGC* 
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GLOSSARY OF LOGICAL TERMS 
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Term 
AB 



ABGC 

ABR 
ABl 



AB12 
AC 

ACP 

AD 

ADD 



AGC 



:AMI 

i 

APU 
AR 



* 
,8 


Section 
2.1 




i 



L I lo9 



S 1.9 



8 ; 1.8 



8 3.9 



ih la.« 



;L 1,8 



Descriptioa 

A ReglrtT Erm. Bit Deity. Used in DIV opeiratlon for obtaining one bit 
left shitted sum ^om A Register) as Augend (X) ixspot to Adder. 
Used in MPY opcratloii to remember sign d A Raster at last bit time 
(LBT). 

ABR Gated Clook. Prorldee either I mc. or 600 KC clock pulses for 
shiftiac file ABR. 



i ! ^' ® Memory Address Buffer Register <A3l-AB12) 

1^ 1 ^'^ Mteiogy Address Buffer Register . A 12 bit serial register which 
I J aoM|>ts &e address of the memory location to be accessed during 

i i ; the next word tfrnsb In normal operatton, (no transfer or interrupt) 

' operand addresses are shifted in during C2 (from IC) and CO 

^om S4) and the next instruction address is shifted in during CI 
(teom S3). The ABR is initialized from the InstruGti<n Counter eutry 
k^ on the MCU wh«a Eu-l, 

Absoliite Adaress Centrol . Set at beginning d DTIO if next instruction 
to be flKeottted refers to working storage (7600 - 7777). for lU operand. 

Accepted Check Point Disorete Output Fltp-Flop. Set code 7300, Reset 
oode 7320. 

Addfltabtlfaot Control Used in CYl and CY2 logic to cause 81 and S3 
to produce either a sum or difference. 

Add Commmd. Decoded from Qperatifn Code Register (ORl-OR^. 
Used in A Register and AU Adder XjOgLo to ccmtrd Uie addltttm (2 I:4ts 
at a time at 250 ko) ot the contents of tiie selected memory looation to 
the ootxtents of the A Register, with fiie ^um replacing the initial c(m- 
tents of the A Register, 

^ 2. 1 A Register Gated Clock, Allows the A Register to be shifted only when 
: used. The A Register shifto at 1 n&o (2 bits at a time) during execution 
phase of MPY, DIV» LRS and RTE, and shifts at 260 kc (2 bits at a time) 
j at all oflier tlme^ v^en used, 

® ?^»® i Aopepted Manual l^ut Pltcrete Output FUp«F1cp, Set code 7802. 
Reset code 7322, 

i i^^ [ Aocelerometer Processing Unit 

8.1 A RegUter (A1~A24) 






'*'S * Storage Element Output 
T » TimiDg Signal 



L * Logical Gate Output 
I • C<»nputer &q>ut Signal 
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ARM 



ARS 



ASM 



AU 



I L 



8.9 



2.1 



S i 3.1.2 



2.0 



Arm Warhead Dltorete Outeut FUp"Fl<y. 
7317 (DOF), Also reaet by MOF. 



Set code 7340. Reset code 



A ^Rfjrtiter Serial Outwit. Converts A Rc^ster output from 2 bits 
paridlel - serial at 250 kc to cme bit serial at 800 ko for purpose 
of oemmunieatiea with iB^ntj oaipat Registers and MCU. 

Ac<jeleromieter Rasters Sign Storage Flip-Flep. Copies and holds 
sifS bits ei Aoeelc^rometer pulse acoumulations so that the signs will 
be extended into bit positions 10 through 12 and 22 through 24 wh«i the 
inf»rm«tieo is read into the A Roister. 

Aritiuit«tle unit - 



I ! 
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Table 2 



AUB' 



AUG 



\ AUQl 



AUQ2 



AURl 



i AUR2 



I AVB 
AVC 
AVQl 
AVQ2 

i AVRl 
! AVR2 



3.1. 1 



3.1.1 



3.1.1 



3. 1. 1 



3.1. 1 



3.1.1 



3. 1. 1 



ITable 1 



U Axis Accelerometer 

Borrow Storage Flip-flop. 

Set at beginning of DT24 if 

a unity subtract (borrow) 

condition is detected by the 

synchronizing flip-flop 

<AUR1, AUR2,AUQ1, AUQ2). 

Carry (C) or Borrow (B) ik 

detected in accordance — 

with the truth table as shown 

in Talsle 2. Input signals 

R (Reference) and Q 

(Quadrature) present a 

GrjEiy Code sequence as 

shown in Table 1, with a 

change in the direction 

of the negative arrow 

required to produce a 

Borrow (B) and a change 

in the positive direction 

required to produce a 

Carry (C). 







R 















+ 


t 





1 


1 


1 


1 
















R2 



JQK 



;fl 



..^k-L 



[X 



Si 











fD 



^ 



01 



Borrow 
4 










^ 



P4o 



ilio 



\ 



t 


t - 


- 1 






Rl Ql 


R2 02 


c 


B 





























1 


1 











1 








1 








1 


1 


- 


- 





1 











1 





1 





1 











1 


1 





- 


- 





1 


1 


1 


1 
















1 













1 


-' 


- 


•1 





1 
















1 


1 





1 




1 





j 


- 







1 





1 





1 




1 


1 





1 





M^ 


1 


1 







1 



The R andQ signals are synchronized by the Rl and Ql flip-flops 
which are copied, in turn, by the R2 and Q2 flip-flops. Therefore, 
if Rl and Ql represent the states of the inputs at J|me t, R2 and 02 

represent the previous states or the states at time t-1. ": 

■ ■ ■ 1- ^ 

U Axis Accelerometer Carry Storage Flip-flop. Set at beginning of 
DT24 if a unity Add (Carry) condition is detected. See above discussion. 

U Axis Accelerometer Quadrature Signal Synchronizing Flip-flop . 
Copies Quadrature Signal at end of DT23. 

U Axis Acceleronietgy Quadrature Sl^al Synchronizing Delay Flip-flop. 
Copies AXr<7!rat e^ of DT24. , 

U Axis Accelerometer Reference Signal Synchronizihg Flip-flop. 
Copies Reference Signal at ea* of DT23. ^, 

U Axis Accelerometer Reference Signal Synchronizing D^ay Flip-Flop. 
Copies AURl at end of DT24. 

See description for AUB through AUR2. Substitute V for U, DT5 and DT8 for 
DT23 and DT24 respectively. Timing iii shifty so that ^ c:ommon unity 
Add /Subtract unit can be used for all 3 acceliSrometeM and real time. 
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AWB 

AWC 

AWQl 

AWQ2 

AWRl 

AWR2 



S j 3.1.1 



See description for AUB throu|^ AUK2. Substitute W for U aad 
DTU and DT12 for DT23 and DT24 respectively. Timing is 
» shifted so that a oonuntm unity Add/ Subtract unit can be used. 



Al 
I 

f 

> 

t 

A24 
BB 



BC 



BQC 



S 2.1 



S 2.2 



S 1.3 



L 2.2 



BIE 



S 1,7 



Aeomnttlato r HeglBtCT^ A 24 bit register used in aU Aritionetic and 
Iiqwt/Ottlpttt operations except DSa May be considered as two 12 
Wt shift registers with a common gated elook, one r^iister holding the 
even numbered bits and the other register holding the odd numbered 
bits. See description of individual commands (ADD, SUB, MPY, etc ) 
for ftirther deteils 

B Register Even Bit DeU y Flip-floD. Used in the «xeouU<m of the DIV 
o<»iunand to allow the Imst significant half of tiie double lengtiti dividend 
to be left shifted <me bit position during eaoh 12 fis cycle. 

IBR to OCR Transfer Control. Provides a 2 ^is pulse when the IBR 
is to be parallel transferred to the OCR. 

B Register Gated Clock. Allows the B Register to be shifted only 
when used. The B Register shifts at 1 mo (2 bits at a time) during 
the eXecuUon phase of MPY, DIV, LRS and RTE, and shifts at 
260 ko (2 bits at a time) at all other times when used. 

Bias Register and Instruction Counter Even Mi Fliy-Fle^ Used to 
store the even bits of the Instruction Counter (during DTl-12) and 
Bias Register (during DT13-24) in preparation for transfer to the 
even half of the M Register during the first word (PCT) of execution 
of thi TRS command. 



BIO 



BIS 



!S 1.7 



IS 1.8 



Bias Regist er and aistruotlon Counter Odd Bit Flip-Flop ^ Same 
function as BIE for odd bits. 



Bias Regtstw or Ijastriaptie a Counter Selfot Flto-Floo. Used la . 
Memory Address Add«r Logte to seleot the souroe of the Addend 
Input (Y4) for the {xnoputatien d the effMttve address of the 0|>« 
to be used la the neact oomraand to be exeoittwl. BIS is set at the # 
beginning ot DTld if the next ooounand is a JOM or uses an InstruoMfin 
Counter Refercooed Operami, (^erwise it is reset 



n theJB 

3d Wr 

leraaff 
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BR 
BRGC 



BRl 

i 
i 

! 
I 

I 

; BR12 

I 

\ BSR 

i Bi 



I 
I 

B24 



CAGC 



CAN 



CAl 



2.2 
1.7 



1.7 



2.2 



1.4 



3. 5. 3 j 



1.4 



B Register (Bl - B24) 

Bias Register Gated Clock . Allows the Bias Register to be shifted 
at either 1 mc or 500 kc depending on the command being executed. 
The Bias Register shifts at 1 mc during DT12 through DT17 at all 
times except during the first word of TRA and TRS, when it shifts 
at 500 kc during DT13 through DT24. It also shifts at 500 kc during 
DT 18 through DT23 of SBR. ^ 

Bias Register . A 12 bit shift register used as an alternative reference 
for relative addressing of operands. The contents of the Bias Register 
may be changed indirectly by a TRA or TRS command or directly by an 
SBR or MBR command. At all other times the contents remain unch#ged. 
See description of TRA, TRS, SBR and MBR for further detail 

Bias Register (BRl - BR 12) 

Multiplier - Quotient (B> Register. A 24 bit register used in execution^ 
of MPY, DIV, IMS, RTE and XAB. May be considered as two 12 bit 
shift registeiawlth a common gated clock, one register holding the , 
even numbered bits and the other register holding the odd numbered 
bits. See description of above commands for further details. 



Control Counter and Input/Output Address Register Gated Clock. 
Provides a clock at the end of each CO and CI word for transfer of 
address field into CAl through CA6 or for decrementing during the 
long commands. Also provides a 1 mc clock for LRS and RTE. 

Coarse Azimuth Negative and Positive Pulses . The output signals 
to the Star Scanner Coarse Azimuth digital servo. Pulses are 
generated under program control at a 7. 5 ms interval in the Gross 
Positioning Mode (GPM = 1) and at a 960 ms interval in the Star 
Scanning Mode (BS = 1). 

Control Counter and Input/Output Address Register . A 6 bit register 
used as a word counter for long commands (MPY, DIV, TRA and TRS), 
as a shift counter for IMS and RTE and as an address register for ^ 
INP, OUT, DSI and DSO. In MPY, DIV, TRA and TRS the 3 least 
significant bits (CAl, CA2, CA3) ittre set prior to command execution 
and decremented binarily at the end of each word time until CZ = 1. 
In all other coBttmands the address field (IB13 throu^ IB18) of the 
instruction is parallel transferred into the Control Counter as shown,- 
prior to command execution. 
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CA6 
CC 



CEN 
CEP 



CME 



CMO 



CMS 



CP* 
CPS 
C5>1 
CPS 
CP4 
CPS 
CP6 
CP7 
CPS 



1.4 



T 
T 
T 
T 
T 
T 
T 
T 
T 



1.8 



3.5.3 
3.5.3 



L 1.1 



1.1 



! L f 1.1 

! I 



Instruction Buffer Register 

Control Counter 

In URS and RTE the Control Counter is decremented at a 1 mc rate until 
CAl through CA5 are all zero. 

Complement Control Flip-flop . For relative addressing CC is used to 
extend the sign bit (initially in IB18) of the instruction address field for 
the effective address computation. For absolute addressing it is used 
to force "l"s into the four most significant bits of the 12 bit nxemory 
address. 

■ ■'■■■* 
Coarse Elevation Negative and Positive Pulses . The output signals to the 

Star Scanner Coarse Elevation digital servo. Pulse rates same as 

CAN, CAP. 

Core Memory Even Bit Gate. Presents the even bits to be written into 
memory. Except for STO and the last word of TRS these are the bits 
just read. In STO they are the even bits of the A Register and in the last 
word of TRS they are the even bits at the M Register (which contains the 
old Instruction Counter and Bias Register contents to be stored in 
memory location zero). 

Core Memory Odd Bit Gate. Same function as CME for odd bits. 

Core Memory Serial Gate . Combines CME and CMO to produce a 500 kc 
serial signal for input to the Instruction Buffer Register, Instruction 
Counter and Bias Register. 

Imc Clock occurring between CPl pulses. 
Strobe Clock. 
1 mc Clock. 



250 kc Clock . 
250 kc Clock . 
500 kc Clock . 
500 kc Clock. 
250 kc Clock . 
250 kc Clock. 



Coincident with CP5 during EDT. 
Coincident with CP5 during ODT. 
Coincident with 2nd CPl in all digit times. 
Coincident with 1st CPl in all digit times. 
Coincident with CPG during ODT. 
Coincident with CP6 during EDT. 
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CSR 



ICYI 



CY2 



CY3 



CY4 



CZ 



CO 



iCl 
;C2 



3.6.3 



i S j 2.6 

i ! 



2.6 



1.6 



Si 1. 8 



1.3 



i ^ 



1.5 



S i 1.5 

8 i^l.5 



Cwnmon Styn Reiet , A aae word time discrete output signal used 
to %NBet the 4 Star Scanner Polarity Control FUp-Flc^. Code 7313. 



Odd Bit AiMreas Garry Flip-Flea). Provldea carr*' borrow storage 
for tlie carry or borrow into the Odd Bit Adder. 

Even Bit Adder Carry Gate. Provides the carry/borrow function for 
the carry or borrow Into the Even Bit Adder, 

Instruotion Couat Inorememter <jifry Flip-Flop. Provides carry 
storage for incrementing the inauvotion count. 

Operand Address Adder Carrv Flip- Flop. Provides carry storage 
for the effective address coi^putation. 

Cqatrol Zero. Designates the last word time of the long commands 
(MPY, IdV, TRA, TRS). 

Zero State of Operation Cycle Counter . Normally true for one word 
time (48 \ia) unless along instruction (MPY, DIV, TRA, TRS) is 
b^ng executed. 

Operation Cycle Counter. A two stage, three state counter used to 
control the cq;>eration sequence of the Instruction Processing Unit. For 
normal operation (no Interrupt or Transfer) the sequence is as follows: 
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State 

C2 



CI 



C2 



CO 



C2 
1 



CO ! 



CI 



i t 
t 
t 
t 
1 



CI 







,0 



_ Sejrtel toforniation Flow 

Bead In two 12 bit instrucUons from memory 

location n Into Instruction Buff er Register (IBR) 
Ex^ute right hand instruction from memory location 

h^.;! i^^^""!^ ^?^°"''* ^^*" °^ °P«^»«d for left 
ha^d inflection from location n,and place in Memory 
Address Buffer Register (ABH). «»«mory 

Execute left hand Instruction from memory location n. 

Insti^cticm from location n and ,rt«ce in Instruction 
Counter (IC), while simultaneously placing the 
Incremented contents of IC. (n + i), in abr. 

Read to two 12 bit Instinictions from memory location 

«f rL^K ^ ^^^^ °°'***"^ "^ ^^ (effective address 
of r^ht hand n operand) to ABR, while simultaneously 
placing the contents of ABR, (n + i), in |c. ' 

Execute right hand n Instruction, etc 
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DAT 

! DC 

I DEC 

i 

i 

I DIM 

I DIV 



S 
L 

js 

t 
I 

i 



DOF 



iL 



i DSI 



3.9 

2.5 

1.4 

3.9 
1. 3 



3.9 



t DRR k \2. 8 



IL il. 3 



Output to Data Link Discrete Output Flip-flop. Set code 7304. 
Reset code 7324. Also reset by MOF. 

Divide Control Flip-flop. See DIV. 

Decrement Control Counter Signal. Enables binary countdown logic 
for CAl through CA5. 

Brightness Gain Change Discrete Output Flip-flop. Set Code 7306. 
Reset Code 7326. Also i-eset by MOF. 

Divide Command . Decoded from Operation Code Register. Used to 
control gating in AU ard IPU for execution of Divide command. During 
DIV the Operation Cycle Counter remains locked in either CO or CI 
and the Control Counter counts down to zero (PZ = 1) from its initial 
setting of 7 (PC 7 = 1) at the word time rate. The dividend is assumed 
to be in the combined A (most significant half) and B (least significant 
half) Registers at the beginning of PC7. The divisor is shifted into 
the M Register from memory during PC7. At'the end of PC 7 the sign 
bits oi the divisor and the dividend are compared and the Divide 
Control Flip-flop (DC) is set or reset depending on whether the signs 
are the same 6t different. During DTI through DT6 of PC6 the 
divisor is subtracted from or added to the 1 bit left shifted dividend 
depending on whether DC is true or false. Subsequent changes in DC 
are made on the basis of comparison of Al and CY2 at last bit time (LBT) 
which occurs every 12 fis (6 digit times). DC has the dual function of ,ji 
controlling the Add/Subtract decision and holding the quotient bits whicft 
, are entered into the least significant end of the B Register as the least 
significant bits of the dividend are shifted out. At the end of 24 Add/ 
Subtract cycles (6 word times) the quotient (with sign bit inverted) is 
in the B Register and the residue Is in the A Register. During PZ the 
A and B registers are exchanged and the quotient sign bit corrected. 



I)iscrete Outi^uts Off Signal , 
flops. Code 7317. 



Used to reset certain discrete output flip- 



Data Register Ready piscrete Input Signal. Code 7256. 

Discrete Input Command . Decoded from Operation Code Register. 
Used in conjunction with Input /Output Address Register (CAl - CA6) 
decoding to cause sign bit of A Register (A24) to be set or reset 
depending on whether the selected Discrete Input is true or false. 
Al through A 23 are unaffected. 
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DSO 



DTI 


T 


t 


( 


«' 




DT24 


T 


DTm-n 


T 


or 




DTmn 




DY 


L 


Dl 


S 


D2 


S 


D3 


S 



1. 3 i Difcrete Output Commaad. Decoded from Operation Code Register. 
i Used in conjunction with Input! Output Address Register (CA1-CA6) 
i decoding to control Discrete Output flip-flops and signals, the 
\ Extrapolator Mode flip-flop and tlie Star Scanner Polarity and Enable 
flip-^ops. 

^ Digit Time 1 

I Sequential timing pulses of 2 )ts duration each 
[Occurring every 48 )is. 

I- J 

i Dtglt Time 24 

J . 

i Digit Times m throui^ n inoluslve, 

I , i ■ , . 

i ■ . ' ■ 

1. 3 I Long Command Signal. True during MPY, DIV, TRA, TRS. 



2. 4 Multiply Control Register. A 3 stage 

I register used to control the addition 

; or sttbtractlim of tiie multiplicand 

; (in the M Raster) to or from the 

; partial product (in the A Register). 

i The D1-D3 ixipnt logic performs tiie 

i in^eated transformation fr«»n the 

i least significant multiplier Mts at the 

I end of each add cycle to control tiaie 

I operation durii^ the following cyoli. 

\ (Not» tiiat the B Raster prwesaes 

1 two hits to tiie right with respect 

\ to the 18 us add cycle). Dl and D2 

; are used to control whether the 

I multtpUoax^ er twice the multiplioand 

is iwed as the addend (Yl and Y2) input, 

i D3 determines whether an additi<» or 

, suhtraotien is performed. 



B4 


B3p2i 


i 


D3 


mM 

1 
il 

1 io 






iJJL 





0-. 



oil 


+1 






1 1 


+2 






1 

1 





-2 


1 


1 'o 


1 


0| 1 


-1 


I 


1 1 


1 


IjO 


-1 


1 


ojx 


1 


li 1 







1 


10 
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EAC i S j 3.6o3i Enable Arimttth Coarae Fllp>nop. Set code 7360. Reset by 

Scanner Servo PoalUoned (SSP) flip-flop, DOF or; MOF» Uaed 
to contr<d Coarse Azimuth Pulse gates <<SAN and CAP) during 

i . ; GPM,' 

EAF S 3. 6. 3 • Enable Aaimuth Fine flip-flop. Set code 7362. Reset same as EAC. 

Used to control Fine Aeimuth Pulse gates (FAN and FAP) during 
GPM and ISS. 

EB L 3.5.4 Extraoolator Borrow Signal. A 2 jis pulse occurring every 96 fis in 

the Extrapolator Mode (SEM = 1) when the NS Register is non-zero. 
Causes the NS Register to decrement every other word time until it 
reaches zero. 

EDT T Even Digit Time. A 250 kc square wave, true in all even numbered 

digit times. 

EEC S 3. 5. 3 En^e Ele vation Coarse Fllp-flop. Set code 7364. Reset same as EAC. 

Used to cwatrol Coarse Elevation Pulse gates (CEN and CEP) during 
GPM. 

EEF S 3, 5. 3 Enable Elevatt<m Fine Flip-fl<»). Set code 7366. Reset same as EAC. 

Used to control Fine Elevation Pulse gates (FEN and FEP) during GPM 
and ISS. 
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EN 



ENTCTR 



ENTKYS 



i EX 

1 
1 
! EXINST 

i EXO 



FAN 
FAP 



FBT 



s 


1.13 






I 


1.13 


I 


1.2 




1.9 

i 



S i 1. 13 



FCGC 



FCR 



3.5.4 



L [3. 
L 1 3. 



5.3 
5.3 



L :2. 7 



L b. 



3. 1 



L 3.9.1 



ENTCTR Synchronizing Fllp-Flop . Synchronizes the ENTCTR signal 
from the MCU with the computer word time. Used in AB Register 
logic to allow new Instruction Counter setting to be read in from the 
MCU during computer idle mode (DDL). 

Enter Instruction Counter - signal from MCU. 

Serial Mormation Line from MCU Control Register. When EN is 
true it presents the address which had been set in the Instruction 
Counter octal switches. When EX is true it presents the two instruc- 
tions which had been set in the Instruction Entry switches. 

EXINST Synchronizing Flip-flop. Synchronizes the EXINST signal 
from the MCU with the computer woi-d time. Used in IB Register 
logic to allow instructions to be read in from the MCU. 



1- 13 j Execute Instruction - signal from MCU. 



Extrapolato r Zero Flip-flop . Set during word time that NS Register 
reaches zero in Extrapolator Mode. Reset by MOF or DOF. 



Fine Azimuth Negative and Positive Pulses. The output signals to the 
Star Scanner Fine Azimuth digital servo. Pulses are generated under 
program control at a 7. 5 ms interval in both the Gross Positioning 
• Mode (GPM- 1) and the Star Scanning Mode (ISS= 1). 

First Bit Time. A one microseond pulse occurring every 13 jus 
during MPY and every 12 fxs during all other operations. Decoded 
from Multiply -Divide Bit Counter (MCI -MC4). Used in DIV to 
designate time to place quotient bit (from DC) in B23 of B Register. 

400 Cycle Counter Gated Clock. Presents a synchronized pulse when the 
400 cycle reference signal (GF) goes negative. Used to clock the 400 
Cycle Counter. 

Flexowriter Carriage Return Discrete Output. Code 7342. 
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: Fci 

I FC2 
! FC3 
i FC4 



FEN 
FEP 



FLT 



FLX 






400 Cycle Counter. A four stage, twelve state shift logic type 
counter. Used In the generation of 1) the Interrupt signar(INT), 

2) the Gyro Torquing Pulses (TXN, TXP, TYN, TYP, TZN, TZP), 

3) the Star Scanner Servo Pulses (CAN, CAP. CEN, CEP, FAN, 

FAP, FEN, FEP) and 4) the Gimbal Angle Counter Control ' 
(GCl - GC4). 


4 


3 


2 


1 


<-GC 


Operation 


1 











1 

2^_„ 

3 

4 


Output Servo Pulse (FOG =1) 





1 







1 




1 





1 


1 

., — -. 




Reset GA Register (FRG=1), Output Servo Pulse (F0G=1) ^ 





1 





_5_ 
6 


Count Alpha Gimbal Angle 


1 


ojo 


1 


Generate INT (middle of interval) 


1 


1 \ 






7 
8 


Count Gamma Gimbal Angle, Output Servo Pulse (FOG=l|^ 
Count Beta Gimbal Angle __ 


i!i;i 





1 1 1 


1 


9 


Rioset GA Register (FRG=1), Output Servo Pulse XFpG=:l)_._ 


1 


oil 


1 i 10 


i 


1 


1 1 11 


,_ .,., ,. , .<j 


i f 12 




- 1 





, 





1 


Output Servo Pulse (F0G=1) . , . - ,. 



i~— 






j._.,.^j 



! 3.5. 
I 3.5. 

! 

1 

! 3.9 

3.9 



3 \ Fine Elevation Negative and P os itive Pulses. The output signals to the ; 
3 ; Star Scanner Fine Elevation Digital Servo. Pulse rates same as FAN, 
FAP. 



! 



Flight Mode Discrete Output Flip-flop . Set code 7344. Reset by MOF 
or DGF. 

FlexQwriter On Discrete Output Flip-flop . Set code 7316. Reset code 
7336. Also reset by MOF. 



FLY 



I 12. 8 



Initiate Airborne Computations Discrete Input . Code 7206. 
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FOG 



^ 3, 3 133 Cy cle Oufeut Pulse. Derived from 400 Cycle Counter 

(FC1-FC4). 



FRO 



GA 



GAC 



GAE 



, L ,; 3. 3 Gimbal Angle Counter Reset Si gnal. Derived from 4CC Cycle 

; Counter (FC1-FC4), 

il I 3.3 Al pha Gimbal Angle Input , A 400 cycle sjuare wave with pliase 

i ; Wsplacemeiit from GF equal to Gimbal Angle Alpha. 

^ 3. 4. 2 Gimbal A x igle Car ry. Produces a syiichroiiized sigTial to iriceement 
: the high order couLt^ r (!1A8 - GA12) with each ovurflow of gIt. 

■ The carry is synchronized to occur auriiig the altaiiiat- wor J time 

when the high order count i is usi;3g the Urdty Aod^Subtract Urlt (HBS). 

L 3, 4. 3 Gimbal Angle Counter Scan Logic - Even Bits. Performs pai allel to 
serisd convc.rsion of odd numbered bits of low order counter 
(GA1-GA7) and gates odd bits of high order counter to IGAE flip-flop. 
See IGA. 



GAGC 



3. 4. 3 Gimbal Ang le Ili g h Order Co unte r Gated Cloclc . Provides 50C kc 
cl^ck pulses when counter is being incremented, recirculated or 
cleared. 



GAN 



GAO 



3,9 



3.4.3 



Autopilot Gain Ch ajgGjDiscrete_Out put Flip-flop . Set code 7346. 
Reset by MOF or DOF, 

Gimbal Angle Counter Scan Logic - O dd Bits, Performs parallel tc 
serial conversion of ever numbered bits of Tow order counter 
(GA1-GA7) and gates even bits of high order counter to IGAO 
flip-flop. See IGA. 



GAl 



3.4.2 



GA7 



I GAB 



^GA12 



S 
S 



3.4.: 



3. 4. 3 



3.4,3 



Gimbal Angle Cou nter - Low Ord er. A 7 stage, 1 mc, straight binary 
counter. The ccunt;:r is set (to all i»s) by FRG prior to the alpha 
count intorval. During the alpha count interval it counts wliile 
GC4-1, During tiie Interrupt iut':;rval the count is rea^ out into the 
A Regiuter (IGA-l) ajnd ttie counter is reset. During th^i first halves 
of both tho gamma and beta count intervals the counter coi nts while 
GC4»1 and is read out and reset during tiie last halves. 

Gimbal Angle Counter - High Order. A 5 Btage serial shin register 
which increments on the overf ow of GA7 during the gimba' angle 
count intervals. Tho register is set (to all l*s) by FRG ana also upon 
readout to the A Register (IGA»1). 
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GB 



GC 



GCG 



GCl 
GC2 



i s 



3.4.1 i Beta Gimbal Angle Input. A 400 cycle square wave with phase 

I displacement from GF equal to Gimbal Angle Beta. 

' ! - ■ ■ 

t 

3. 4. 1 i Gamma Gimbal Angle Input . A 400 cycle square wave with phase 

1 displacement from GF equal to Gimbal Angle Gamma. 

3.4.1 i Gimbal Angle Count Gate . A signal which is true during the phase, 

i displacement interval of each of the 3 count intervals. The phase 

I displacement interval is defined as the interval from the fall of the 

I reference signal (GF) to the fall of the angle signal (GA, GB or GC). 

! For beta and gamma angles greater than fBO , the phase displacement 

I interval is undefined. * * ' 

3.4.1 j GF Trailing Edge Synchronizer . GCl produces "!^^0 cycle pulse of 

3. 4. 1 I Ifis duration in synchronism with the trailing edge of GF- This pulse 

I is used (in FCGC) to step the 400 Cycle Counter and in the set logic 

\ ofGC3. 



GC3 



is I 3.4. 1 



GC5 
GC6 



GF 



GPM 



GRG 



Alpha > 180 Detector . This flip-flop is set at the beginning of the 
alpha count interval if the alpha gimbal angle is greater than 180 . 
Used in count gate logic GCG. - 



^■■^ ■<- 



GC4 is ! 3.4.1 i GCG Synchronizing Flip-flop. Synchronizes GCG with 1 mc^lock. 



3.4.2 
3,4.2 



I 


3.3 \ 




3.4. 1 


s 


3. 5. 3 ' 

i 

i 


L 


j 
t 

! 

3.4.2 

1 




^ 




'^ 



Giml^l Angle Low Order Counter Overflow Detector and Synchronizing 
Flip-flops . Detects' and holds^the 1 ^s overfly/ signal (GA7PR) until 
the high order counter (GA8-GA12) is incremented. 

400 Cycle Reference Signal . A 400 cycle square wave used in the 
400 Cycle Counter and Gimbal Angle Coujjter Control Logic. 

Gross Positioning Mode Flip-flop . Set ctlie 7315. Reset when. 
Scanner Servo Positioned Flip-flop is set (SSP=1). Also reset by 
MOF or DOF. Used in Star Scanner logic to enable ^rrow pulsesX 
(SB) to be generated for decrementing the NS Register and to enable 
the Output Pulse Sync. (STl). During Gross Positioning Mode the Z' 
Star Scanner is slewed from, the index position to a predetermined 
star position under pt-ogram control. 

Gimbal Angle Low Order Coimter Reset Gate. Used to set GA1-GA8 
when FRG is true and also when the GA Register is read into the A 
Register (IGA=1). 
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HAI 

HAK 

HALT 
HAS 

HAT 

HAW 

HBBl 



L 



; s 



I s 



3. 1.3 
3. 1.3 
3.9 

3. irs 

3.1.3 
3. 1.3 



3.7 



Half Adder A Serial Input. Gates UV and WD Registers to Half Adder 
A (HAg f * 

Half Aaler A Carry Flip-flop. Used as a common second rank fllp- 
flop fofthe 4 primary rank carry flip-flops (HUK, HVK, HWK, HDK). 

Halt Difcrete Output Signal to MCU. Code 7370. 

Half Adder A Sum Outp ut. Used to recirculate and increment UV 
and WD Registers. 

■ I • 

Half Acjder A Timing Flip-flop . Used in control of carry Flip-flops 

(HUK, HVK, HWK, HDK). 

Alternate Word Flip-flop. Used to increment real time segment of 
WD Register at a frequency of 10 kc. ^ 

Half Adder B Borrow Storage Flip-flop No. 1. Detects the 2 us 
borrow pulses from the Star Scanner (SB) Altimeter (LB) Gyro 
Torquer (TBI) and Extrapolator (EB) |ogic d^d causes HBKl to }>e 
reget on the first "1" bit from the serial input (HBI) for decrementing. 



HBB2 S 3. 7 Half Adder B Borrow Storage Flip-flop No. 2. Detects the 2 fxs borrow 

I \ I pulses from the Odometer (OB) and Gyro Torquer (TB2) logic and causes 

; I HBK2 to be reset on the first "1" bit from the serial input (HBI) for 

i i decrementing. * 



HBCl 



HBC2 



S i 3. 7 



7 



Half ikider B Carry Storage Flip-flop No. 1 . Detects the 2 jLts 



LM 



puls»from the Star Scanner (SC) Altimeter (LC) Gimbal Angl 
Counter (GAC) and Gyro Torquer "(TCI) and causes HBKl to 
on the first "0" bit from the. serial input (HBI) for increment! 




Half Adder B Carry Storage Flip-flop No. 2. Detects the 2 
pulses from th» Odometer (OC) and Gyro Torquer TC2 and c 
HBK2 to be reset on the first "0" bit from the serial input (HBI) for 
incrementing. 
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HBI 



:* 



i 



t 



HBK 



HBKl 
HBK2 



HBS 



HDK 



HUK 
HVK 
HWK 



lAA 
lADE 



3.7 



44 



Half Adder B Serial Input Gates TA, NS and GA Registers to Half 
Adder B in accordance with following table: 



Mode 



NAV 



i NAV 



NAV 



NAV 



!- 



NAV 



; NAV 

|_FLT 

FLT 



FLT 



J'LT 
FLT 



WCI 







DT 

1-7 



9-15 



Function 



Data 
Location 



Gyro -JC Axis 
Gyro - Y Axis 



_j_17-23 i Gyro - Z Axis 

1 ! 1-5 I Altimeter 



1 ! 6-12 [Odometer 

_1.4-18-2_3i.Giinbal. Angles 




^TA1-TA7 _^ 
'TA8-TA14 

TA16-TA21 

:NS1-NS5 

:NS6-NS12 
:.GA8-GA12 



Carry/ 

Borrow 

Pulse 

TC2,TB2 
TCI, TBI 

TC2, TB2 
LC.LB 

OC,OB 

GAC 



C arry- 

...IJ 
HBK2 

HBKl 

HBK2 
HBKl 

HBK2 

HBKl 



1-7 ' Autopilot - Yaw Axis j TA 1 -TA 7 j (None) 
9-15 ! Autopilot -Roll Axis: TA8-TA 14 I (None) 



-~r ■ 



i7r::234 Autopilot -Pitch Axis; T A 

1-12 I Extrap/Scanner ;NS1-NS5 JEB.SB.SC 

- — .-I - - ~ - ■ ■ i ; 

1 j 18-23 I Gimb4 Angles iNS6-NS12 j GAC 



HBKl 
HBKl 



\h I 3.7 



S ; 3.7 I 



; L ; 3.7 

i i 

i 

;, i 

\ S 3.1.3 



i S \ 3|ll3 

I S f 3. 1. 3 

S 3. 1. 3 

rfW 2.8 



2.8 



n 



Half Adder B Carry Input. Gat* HBKl and HBK2 to Half Adder B in 
accordance with preceding table. 

Half Adder B Carry/Borrow Flip-flops . Operate as Carry/borrow 
flip-flops for incrementing and decrementing functions as indicated in 
the preceding table. 

Half Adder B Sum Output . Used to recirculate and increment TA, NS 
and GA Registers. 

Real Time Carry Flip-flop . Used to increment real time counter in 
WD Register. 

Accelerometer Cai%-/Borrow Flip-flops. Used to increment or 
decrement Accelerometer counters in UV and 'V^T) Registers. 



Indgx Angle Achieved Discrete Input . Code 7210. 

Input Ac celeroma e r and Real Time Registers - Even Bits. Holds 
even bits of UV and WD Registers to be read into A Register. 
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lADO 
IBGC 

IBR 
IBl 

I 
t 
I 

11324 



S 3.1.2 
L 1.2 



t 
1.2 

S ' 1. 2 

! I , 

S 1 1.2 



Input Accelerometer and Real Time Registers - Odd Bits. Holds 
odd bits of UV and WD Registers to be read into A Register. 

Instruction Buffer Register Gated Clock. Allows IBR to shift at 
500 kc during instruction read in and at 1 mo during effective 
address computation and half rotation. 

Instruction Buffer Register (IBl - IB24). 

Instruction Buffer Register . A 24 bit shift register used to buffer 
the instructions as they are read in from memory to recirculate 
the instructions for the purpose of the effective address computation. 



OCC 



C2 



CO 



CI 



C2 



DT 



1-24 



12-23 



2-7 



12-23. 



Shift Rate 
500 kc 



1 mc 



1 mc 



1 mc 



1-24 500 kc 



.^. ,.„_ ^_ ,,_,-,..Qp.§ration ^ 

. CMSj.- IB24. Read in tw bit instructions. 
Full recirculation. IB13-^X4 to form operand 
address for next CI executed instruction. 

Half recirculation to place right hand 
instruction in IB 13 - IB24. 

Full recirculation. IBI3>.X4 to form.operar^ 
address for next CO executed instruction. 



Repeat cycle. 



...;... _J 



IC 
ICGC 

ICP 



ICl 

I 
I 

t 

IC12 



i 



1.6 i Instruction Counter (IC1-IC12) 

[ #-' 

1-6 I Instruction Counter Gated Clock. Allows Instruction Counter to be 

I shifted at either 500 kc or 1 mc depending oh operation. 

i ■ 

2.8 j Insert Check Point Discrete Input . Code 7212 

I ■ • ■ ■ ■■ , 

1. 6 i Instruction Counter . A 12 bit ««rt»i refietor as«d to baffftr 1) the ixigtrcif#(MBi 

j I address, and 2) the operand address of the instruction to be executed 

l.'e I during CO. 
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ICl (con't)j S 



ID 

IDL 



IE 



i L 



1.6 



L I 2.8 



S ! 1. 12 



OCC 
C2 



CO 



DT ! Shift Rate 



12-17 



12-17 



1 mc 



1 mc 



CI 



C2 




1 mc 



Input 

AB1-».IC12, 
Instruction address n 



IC1-VIC12. 
(Recirculate) 



S4-VIC12. Operand 
address for next CO 
instruction 



12-17 



1 mc 



AB1>IC12. Instruc- 
tion address n+1. 
I Repeat cycle. 



Output 

JC1>AB12. Operand 
address for next CO 
executed instruction. 

IC1->Y4 CBIS=1) to 
form operand address- 
for next C 1 executed 
instruction. 

IC1>Y4 (Big=l) to 
fbrm operand address 
for next CO executed 
instruction. 

IC1^AB12. 



..^ ! 



rascrete toput SeleotloD Gate. Combines Discrete Input signals and Input/ 
uutpui Aoaress Register states (PC3-PC7 and SZ-SC3). * 

Computer Idle Flip-flop . Set at the beginning of C2 if LOGIDL is 

true. During IDL all AU and IPU registers are either recirculated 

for output to the MCU or held static as indicated. Input/Output 

registers are unaffected. 



! 1 




Register 


Data Rate 






AR 


Recirculated 250 kc 2 bit parallel 


t 




BR 


Static 


; 1 




MR 


Static * 


' ! 




IBR 


Recirculated 500 kc Serial 


; 




OCR 


Static 


: i 




CAR 


Static 


( i 




OCC 


Static ' 


1 ' 




BSR 


Recirculated 500 kc Serial 






IC 


Recirculated 500 kc Serial 




ABR 


Recirculated 500 kc Serial 


3.8 .' 


M 


MAR 


Static 


mt Even bit. 


* 

Presents even bits of program selected input regis 


! 


to 


the A Register logic. ' 
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IGA 



IME 



IMO 



INP 



INS 



INSE 



INSO 



INT 



SI 



3.4.3 



! S 



3.8 



3.8 



1.3 



3.5. 1 



3.5. 1 



3.5. 1 



1. 11 



Input GA Counter to A Register . Selects GA Counters to be read 
into A Register. Used in GA Counter logic to cause all counter 
stages to be set following readout. The GA Counter GAl - GA12 
is read into bit positions 12 through 23 of the A Register and the 
sign bit (A 24) is always positive (zero). Therefore the odd numbered 
bits of GA (GAl, GA3, etc.) are read into even positions of 
A (A12, A14, etc.) and vice versa. 

Input MCU Data Register - Even Bits. Even bit data input line from 

MCU Data Register. 

i -ft ■ : 

I Input MCU Data Register - Odd Bits. Odd bit data input line from 

i MCU Data Register. 

i 

Input Command. Decoded from Operation Code Register. Used in 
A Register logic to allow IE and lO to be shifted in. 

j Input NS Register. Selects NS Register to be read into A Register. 
Used in NS Register logic to cause all register stages to be reset 
j following readout. The NS Register is read into bit positions 13 
j through 24 of the A Register. 

I Input NS Register - Even Bits. Holds even bits of NS Register to 

i be read into A Register. 

1 

Input NS Register - Odd Bits. Holds odd bits of NS Register to be 

read into A Register. 

Interrupt Signal . A variable length (T > 48 /us) logically generated 
pulse occurring every 30 m.s. In the compute m-ode (IDL = 0) INT 
goes true in the m.iddle of the Interrupt state of the 400 Cycle Counter, 
and initiates the Interrupt sequence. During the Interrupt sequence 
the following operations occur: 1) Program control is transferred 
from location n to location 7777 where the instruction pair No Op, 
TRS(AT) is stored (assuming that the Interrupt subroutine is to be 
executedX 2) The incremenled IC (n+1) and the BSR settings are 
stored in location 0001 . 3) The IC and BSR settings for the 
Interrupt subroutine are obtained from location AT. 4) The subroutine 
is executed. The last word of the subroutine contains a TRA (001) 
instruction which returns program control back to location n+1. For 
specific dtails of timing and information flow see next page. 
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CAR 

dec 

DT 

INT ^ 
INT3 _ 
INTl 
INT4 _ 
INT2 



InittruGtion Executed 
Memory 

B^ 

ABR 

MAR 

US, 
DT 



24 1: 2 7, 



CI 
,12 17118 



__r 



In 
Out 
In 
Out 

Owt 
Out 

Out 






R/2 



It 
Oat 



24^ 1 I 2 




23i24 



C2 



12 



.17 



24 



ALn 



iS-M. 



12 



17 



711% 



1. 



( None) 
[7777] 



l[7777) » No op, TRS <A_T> 

CMS [777/1 
-tRn, ILa 

1 MR fa) I 

j i lT i r ■■■1 •■'■ i ■■*■ • *' ' ■ I 

! - jMi 

i R 

1 
I 

1 ''':t7?f ■ 






18 



23 24' 1 



12 



171 Mil 



INTERRUPT, TUVIING AND INFORMATION FLOW - NOIMAL OPERAT 



CO 



^.^2 



17 2;5 '^^ 



Qi 



1 '3 



12 



/ 



...4 



QRn 
ORn 

R 
R 

R 



S4 (A -No Qpy 



ARn 

ARn 



t 



17I23I24 


■■l . 



<32 

12 - 17! 



No c^ 

- No q? 
-*No op 



R/2 



17:.i.j24| 1 I 2 7 



R 

S4 (AT) 
n 

R ' 



A - No <^ 



A - No c^ 



(None) 

CA:;SCn4CI 
TRS(AT), No op 

I ABR (n^l) 
! AT 



R 

IC (AT) 
n -i 1 

n + 1 



12 



17'2;.l24 1 



112 



iTj 



24 




AS 

AS 



.„CMSiASi_ 



n + 1 



IC(n+l ) 



24 1 



ii hs 



I 

cms 

SSa 



J 



AT 



17 18 



n = Instmction Address n 

ALn = Operand Address for left instruction from Location n 

ARn = Operand Address for right instruction from Location n 

AS = Address of first location of Merrupt subroutine 

AT = Address of Transfer Table location where new IC and BSR' settin-^js arc ator*^ 



f 



BS = Bias Register Setting 

ILn = Left instruction from Location n 

IRn -■ Right Instruction from Location n 

' OLn = Operand for left instruction from Locatf>n n 

ORn = Operand for riglit instruction from Locs^ion n 



INTERRUPT. TB/IEnG AND INFORMATION FLOW - NOipAL OPERATION 

PC7 ' '""""' 

''' CO 



48 



CJ 



? 12 

•* 

i 



17 23 24 



12'! 



C2 

12 ' 171 24 



'2 



No op 

- No op 
-* No op 



R 

■S4 {AT) , 
n 

R ' 

S3 (n + 1) 
A - No op 



A - No op 



(None) 

CUSJn+Q , 
TRS(AT), No op 
• A BR (nil) 
; ' AT 

i R 

i 

IC (AT) 

d n V 1 



n + 1 



12 



17?:!24 1 



12 



17 



If 

f 



AS 

'as 



CMS(A:-') 



IJ(n+l) 



BSb 
BSte 



R 



CMS (BSfa) 
BSa 



■ IG(AS) 
AT 



AT 



BSR(BSti) 



CO - 

J^ 15 16 23 24 



TRS 

[AS] 
fAS} 

R 



R 



W (odoi; 



AS 



AS 



PC5 «CZ 



CO 



12 



24 



. i- „.. 



MR (R4- 1, BSa) 
tWOl] 



R 

R 

S4 (AL - AS) 
0001 

0001 











24 1 ]'i 'l$ 17 18 23 24 1 12 



. n+ 1 j 

17' 18' 'y24'r 12 



BSa 

17 



R/2 



01 



It 



^^ ..M 






CAR 
OCC 



XL -AS 

OI. - AS 

OL - AS 



R 

S4(AR~AS) 
AS 

R 

S3{AS+ 1) I 
AL~AS 1 

AL-AS 



24 1 2 



12 



24 1 



„»j^ 



DT 
INT 



INT3 



INT 1 _ • 

h INT4 _ _ I 

|_JNT?_ ] 



!- -"^ » l y , III in —ni 



Ifist. Executed 
Memory 

I»R 
IC 

BSB 
ABR 

MA^ 

MR 
0T 



— i 



BS = Bias Register Setting 
ILn « Left instruction from Location n 
IRn = Right instruction from Location n 
OLn » Operand for left instruction from Local 
ORn => Operand for rlgiit instruetioti from Lo 




tt 



R '=- Fullliotation of register' c<^enfs 
E/g = Halfjotation of register cxjntents 



MEMORANDUM 3249-LA-166 8 April 1963 



49 



INTl 



1. 11 : Interrupt Control Flip-Flcq>s« Used to synchronize the Interrupt 
state (from the 400 Cycle Counter) with the OCC and to define the 
intervals at the Interrupt sequence„ The Interrupt sequence is 
inhibited (at the beginning of CI) if a long command is not in its 
last word time of execution or if a transfer or a JOM is to be 
executed in the following CO„ See timing chart on preceeding page. 



INT5 



1. 11 MCUINT Storage Flip- Flop, Remembers the MCU Interrupt signal 
until the Interrupt sequence can be initiated. Used in INT logic. 



lO 



3. 8 Input Odd Bit. Presents odd bits of program selected input registers 
to the A Register logic. 



IPU 

ISS 



ISW 



1.0 Instruction Processing Unit. 

3.5.3 Star Soaixning Mode Flip- Flop. Set code 7311. Reset when the 

Scanner Servo Positioned Flip-Flc^ is set (SSP=1). Also reset by 
MOF or DOF. Used in Star Scanner logic to enable carry (SC) 
and borrow (SB) pulses to be generated for incrementing or 
decrementing the NS Register and to enable the Output Pulse Gates. 

3. 5. 3 Input ffiy Register. Selects the SW Register to be read into the A 

Register. Used in SW Roister Ic^ic to cause all register stages to be 
reset following readout. The star pulse width information is read into 
bit positions 1 through 4 of the A Register. Bit positions 5 through 24 
are made zero. 



ISWO 



3. 53 Iiq?ut SW Register - Odd Bits. 
to be read into the A Register. 



Holds the odd bits of the SW Register 



lUQ I 3. lo 1 U Accelerometer Quadrature and Reference Signals. Variable frequency 

lUR I 1 3. 1. 1 : square wave input signals Indicating sign and magnitude of change of 

I > velocity along the U Axis. See AUQl, AURl. 



lUV 



&- 




3. 1. 2 ; Iiyut UV Register . Selects the UV Register to be read into the A 
\ ; Roister. Used in UV Register logic to cause all register stages to be 

reset following readout. The U Accelerometer count is read into bit 
I ' positions 1 through 9 of the A Register with the sign bit (positions) 

' i extended into positions 10 through 12. The V Accelerometer count is 

' read into bit positions 13 through 21 with the sign bit (position21) 

extended into positions 22 through 24. 
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IVQ I S.loll, V Accelerometer Quadrature and Reference Signals., See 

IVR I 3clo 1 AVQ1» AVRl. 

IWD L 3o Ic 2 Input WD Regleter o Selects the WD Register to be read into the 

A Regiatero Used in WD Register logic to cause all register 
stages to be reset following readout, The W Accelerometer count 
is read into bit positions 1 through 9 of the A Register witfa the sign 
bit (position 9) extended into posttions 10 through 12o The delta t 
'^ count is read into bit positions 13 through 21 (sign always positive), 

IWQ I 3» Ic 1 W Accelerometer Quadrature and Reference SignalSo See AWQl, 

IWR I 3«1.1 AWRle 
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JC 



1 S j 1„8 I 



JMP 



lc3 



JOM Coiitrfl Fllp-Flopo Set at tiie begiruuiig of DTIC if a Jump- 
on-Mi.ius (JOM) oommaiid is next ti) be executed, Usea in tiie 
X4 logic to Qxteiid tue sign of tl^e 8 bit JOM a:i.'.resE fiel i iu 
forming tue effective address of the jump location^ 

Jump SigimU Decoded from the C^eratlon Coue R^istera Conci- 
ticual on tlie A Register beLig negative (A24»l). Uso. to isiMbit 
the ABR will aot oiiaiige curing CI and tie memoiy contents 
accessed uring tlie following C2 will be from the JOM effective 
addressc Ilierefore program control will be ti-ansferrot' to the 
JOM effective address. If JMP » 1 during CO (ligkt code.: JOM) 
the A BR will not change ciuriiig CO anc tie memory contents accessed 
during the fcllowirig CI will be from tlie JOM effective acv>ress. This 
has the effect of ci^angixig tiie operand a-Mrcss of tiie left coiea 
iiistructioE following a right coded JOM to the JOM effective aitress 
but does liot affect prc^ram coiitrol. If the left ccxied instruction 
following a right coaled JOM is a TIU, TRS or TRM, the JOM 
effective address will be access o-i instead of the specified transfer 
table addressj tiiereby givlig all memory locations the capability of 
being used as transfer table locationsc 



JN 



lo4 I JOM next CO or Clo Decoded from (^eration code fiel 1 of IBRo 
Used in MDTN to iriiibit tlie Interrupt sequence. Also used in 
! setting JC and J: IS, 



JOM 



LTH 



Jump-on-Minu8 Command, An operation code not explicitly decoded 
but used in formi^ JMP, If the jump is executed (A2!4«l), either 
program oontrcl is ti'ansfcrred or tlie operand address of tlie following 
instruction is modified (see JMP), The location of the jump or 
operand address is rvJative to tie Instruction Counter wlCi a raiige 
of '♦•127 to -128, If tne jump is not executed (A24«€) the effect is 
essentially the same as if no operation had been coded. 

Altimeter 'or row, A 2 jus pulse occurring once for every Negative 
Altimeter pulse (NAL), synchronized witii tlie Woru Counter 
(WCl, WC2) ar.'i the digit time to occur at tiie proper time to recre- 
ment the Altimeter segment of the NS Register (See HBI), Use in 

Uie liriKl and Ii3Bl Ic^'ic, 
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LET ! L 



LG 



iJ3A 



; 2. 7 ! Last Bit Tline, A one miorosecond pulse occurring every 13 us 

I I during MPY and every 12 us during all other operationeo Decoded 

\ J from Multlply-Dlvlde Bit Couater (MC1-MC4). Indicates the last 

J bit time of the 13 us multiply cycle and the 12 us divide cycle. 

5 Used In MPY to provide timing for 1) extending the sign bit of the 

right shifted partial product In the A Register » 2) placing the 

r least signlfloant bite of the partial product In the most significant 

1 end of the B Register, 3) setting up the Multiply Control Raster 

^ ; (Dl-D3)for the following cycle and 4) resetting the Carry fllp- 

j flop (CYl). Used in DIV to provide timing for 1) placing the most 

I significant bit of the B Register (InltlaUy cohtalalng the last 

I significant half of the dividend) Into the least significant end of the 

I A Register^ 2) setting up the Divide Control flip-fl<^ (DC) aad 

I 3) resetting the Carry flip-flop (CYl). 

3. 5. 2 I Altimeter Carry. Same as LB for Positive Alttoieter pulse ^AL). 



LNl . S 

LN2 ; 8 



LPl S 



LRS 



MA 



MAC 



S 



1.3 



3. 5. 2 
3.6.2 



3. So 2 



1,3 



Used in the HBKl anil HBCl logic. 

Load Accumul at or Register Com mand. Decoded firom Operation 
Code Raster. Used tn A Register logic to allow Information from 
specified memory location to be read into A Register. 

N^t>tive Altimeter Pulse Synchronialng Flip- Flops . Provide a 
single computer synohroolzed pulse for each negative altimeter 
pulse (NAL). 

Positive Altimeter Pulse Synchronizing Flip-flops . Provide a single 
computer syncrhonized pulse for each Positive Altimeter Pulse (PAL). 

Loi^ Right Shift Command. Decoded from Operation Code Roister. 
Us^ to OOTitrol gating in A U and IPU for execution of LRS commanu. 
Prior to the execution of LRS the address field of the LRS instruction 
(in 18131-1818) Is parallel transferred to CA1-CA6 (See CA1-CA6), 
During DTI through DT12 the Control Counter is decremented at a 
1 mc rate and tiie combined A and B Registers are shifted at 1 mc, 
two Idts at a time, sign bit extended, until CAl through CAS are all 
«erOo Ihaing DT13 ttirough DT24 if CA6 « 1 the combined A And B 
Rasters are rotated, bypassing the sign bit poition of the B 
Raster (B24), to accomplish the one bit right shift. Wiii the last 
clock pulse <rf the rotation ^CF-1) the sign Mt (in Bl is placed in 
both A24 |uid B24. 

M Register Odd Bit Delay FUp-Flop . Copies Ml during MPY. PC7*. 
Used as an additional stage In &e reo^roulation path of the odd M 
Reg^ter so that &e multiplicnmd will nqt process during the 13 )is . 
multiply i^cle. 



3.9 i Manual Iiq;>ut Scanner Discrete Output, Code 7354. 



2.3 



ME%(5P#^]>UM8a^-I^*lde-3F^ril 1^ 



S3 




MBE 



MCQC 



MCI 
MC2 
MC3 

MC4 



I' 

S 



l4;|0 

1. 10 

I. JO 
i. 10 
2.3 



2. 



! %1 
I 2.7 



2.7 



[^^' R^ler Gfeited Clock. ' Cau^iMj^^^Il to be parallel transferred 
f lijf ' the ^|!^R at the middle of e\ f^tf^ 

, Jf _mo4Aii^p^|ter, (,M^ -M^J2) 

l^f ei^o:^ A-Kireas Register. ^ 12 bit parallel access register used 
N) hold the ad'h-fss <>{ the ii.stTuction or operand during the word time 
Uiat ^e instruction or''opei^ind is being read out. 



[|Re^ister Even Bit Delay Flip-flop. Copies M2 during MPY. PC7*. 
sed as an additional stage ii ftie recircula 



.Used as an additional stage ii ftie recirculation path of the even M 
U'gister so that the multiplicand will not precess during the la/us 
multiply cycle. 



Modify Bias Register C oinmand. Decoded from the Operation Code 
Rci?ister. Used in tiic Bias Register logic to cause the Bias Register 
based effective address to replace the contents of .the Bias Register. 
M<xiificatii>n nsay be in the ran^^^e from +31 to -32 of the existing Bias 
Register contents. 

MC Gated Clock. Causes the Multiply-Divide Bit Counter to shift at 
|1 mc at all tim.es other th^ when the counter is in the FBT state 
dufirjg PC7. ^ 

Manual Control Unit 



Multiply-Divide Bit Counter . 
A 4 stage. 1 mc serial counter 
having 12 states during DIV. PC7* 
and 13 states at all other times. 
Used to define the 12 /lis add cycle 
during DIV and the 13 /us add cycle 
during MPY. Normally, the counter 
is free running until PC7.FBT=1. 
"When PC7*=1 it resumes counting 
and if DIV^l it skips the 0000 state. 



MCI 


MC2 MCa 


MC4 


MPl 


DIV 




1 
1 




1 : 


] 



1 
2 


1 


FBT 


2 







1 


1 




1 


3 3 _f 


1 





1 


4 _L 4 




1 1 

4-- 

1 ; 1 




1 


1 


1 


5 
6 

7 


5 

6 




i 1 


7 ■ 


i 


1 


1 
1 


9 


8 
9 




0^ 





"^ " 








10 




1 





11 


10 




1 









12 
13 


11 




! 

i — ^..- 


1 


12 '■ LBT 
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MDTN 



MGC 



1.4 



2.3 



Multiply, Divide, Transfer or Jump Next CO or CI. Decoded 
from IBR. Used in setting CAl - CA3 prior to execution of 
MPY, DIV, TRA, TRM, TRS and JOM. Also used to inhibit 
the Interrupt sequence. 

M Register Gated Clock. Allows the M Register to be shifted 
only when used. The M Register shifts at 1 mc during the add 
cycles of MPY and DIV and when it is used as a buffer for the 
Instruction Counter during the Interrupt sequence. It shifts at 
250 ke while accepting operands from memory during the first 
word of MPY and DIV and during TRS when it is used as a buffer 
for the Bias Register and Instruction Counter. 



MOF 



MPY 



MR 

MRD 

MRE 



3.9 
3.5.3 
3.5.4 
3.6.2 

1.3 



! 2.3 
; L i 3. 9 

J S i 1. 1 



Memory Off Signal. 
is not operational. 
Control Flip-flops. 



Generated by MCU. MOF = 1 when memory 
Used to turn off certain Discrete Output and 



Multiply Command. Decoded from Operation Code Register. Used 
to control gating in AU and IPU for execution of Multiply com.mand. 
During MPY the Operation Cycle Counter remains locked in either 
CO or CI and the Control Counter counts down to three (PC3=1) from 
its initial setting of 7 (PC7=1) at the word time rate. The multiplier 
is assumed to be in the A Register at the beginning of PC 7. The 
multiplicand is shifted into the M Register from memory during PC7 
while the multiplier is shifted into the B Register and the A Register 
is reset. At the end of PC7 the Multiply Control Register (D1-D3) is 
set up for the first add cycle. During each of the first 11 add cycles 
(W24=l) a new partial product is formed from the previous partial 
product (in the A Register) and the multiplicand and placed in the A 
Register, shifted two bits to the right. The two low order bits of 
each partial product are placed in the high order end of the B Register, 
replacing used multiplier bits. During the last add cycle (W25=l) the 
new partial product is shifted one bit to the right and becomes the final 
product. During the last 18 digit times of PC3 the registers are held 
static, with the sign bit of the product in A24 and B24, the m.ost 
significant half of the product in A23 through Al and the least signifi- 
cant half in B23 through Bl. 

M Register (Ml - M24) 

MAGIC Read Discrete Output . Code 7372 

Memory Read Flip-Flop - Even Bits. Copies the even bit discriminator 
output at strobe clock (CPS) time. 
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MRO 



MSK 



Ml 

I 
I 
I 
I 
M24 

NAL 

NAV 
NCP 

NOD 



I 



1. 1 I Memory Read Flip-Flop - Odd Bits. Copies the odd bit discriminator, 
output at strobe clock (CPS) time. 

1.3 I Mask Command . Decoded from Operation Code Register. Used in the 

': A Register logic to cause the contents of the A Register to be replaced "2^ 
with "the logical and of the A Register contents and the specified memory 
location contents. 

2. 3 Multiplicand - Divisor Register. A 24 bit register used in the execution 
of MPY, DIV, TRS and in the Interrupt sequence. May be considered 
as two 12 bit shift registers with a common gated clock, one register 
holding the even numbered bits and the other register holding the odd 

S j 2. 3 numbered bits. 

i I I 3. 5. 2 ' Negative Altimeter Pulse Input. A 75 + 25 us pulse occurring each 
time the altimeter senses a unit change in the negative direction. 

I ! 2. 8 Earth Navigation Mode Discrete Input. Code 7216. 

S I Near Check Point Discrete Output Flip-flop . Set Code 7310. Reset 

I code 7330. Also reset by MOF. 

I 3. 5. 2 Negative Odometer Pulse Input. A 75 + 25 //s pulse occurring each 

i i time the odometer senses a unit distance change in the backward 

! direction. 



NORMINT -I ; 1. 11 



NSGC 



L I 3.5. 1 



Normal Interrupt Signal from MCU . Used in the INT logic to enable 
the com.puter generated interrupt. 

NS Register Gated Clock . Allows the NS Register to shift at 500 kc 
when it is being recirculated, incremented, decremented or cleared. 



NSZ 



NSl 
I 



NS12 



S ! 3.5.3 i 



3.5. 1 



S S 3. 5. 1 



NS Register Zero Detector . Used in the Scan Mode Control logic to set 
SSP when the NS Register reaches the all zeroes state during GPM or 
SEM. 

Earth Navigation, Star Scanner and Extrapolator Register . A 12 stage 
serial shift register used as 1) an accumulator for the odometer and 
altimeter pulses during the Earth Navigation Mode, 2) an up-down 
counter for the Star Scanner Servo Control and 3) an extrapolator for 
generating the Sustainer Cut-off signal (SCO). The NS Register time 
shares Half Adder B for incrementing and decrementing. See HBI. 
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OB 



OC 

OCC 
OCR 
ODT 

ONS 



ONI 
ON2 

OPU 



ORl 
ORG 
OTA 

OUT 
PAL 
POD 



3.5=2 



3.5.2 ' 



1.5 



1.3 



T : 



I 

S : 3.5. 
S i 3. 5. 



2 ; 

2 I 



ORGC i L 1.3 



i 



I S 1.3 



; s 1.3 



3.6. 1 



! L 1.3 



I i 3.5.2 



I ! 3.5.2 



Odometer Borrow . A 2 /us pulse occurring once for every Negative 
Odometer Pulse (NOD), synchronized with the Word Counter (\¥C1, 
WC2) and the digit time to occur at the proper time to decrement the 
Odometer segment of the NS Register. Used in the HBK2 and HBB2 
logic. 

Odometer Carry. Similar to OB for Positive Odometer pulse (POD). 
Used in HBK2 and HBC2 logic to increment the NS Register. 

Operation Cycle Counter (CI, C2) 

Operation Code Register (OR1-OR6) - 

Odd Digit Time. A 250 kc square wave, true in all odd numbered 
digit times. 

Output A Register to NS Register. Used in NS Register logic to 
cause the 12 least significant bits of the A Register to be read into 
the NS Register. » 

Negative Odometer I>ulse Synchronizing Flip-flops . Provide a single 
computer synchronized pulse for each Negative Odometer Palse (NOD). 

Output Processing Unit 

OCR Gated Clock. Provides a clock pulse for the parallel transfer of 
the order code field (IB19-IB24) of the IBR to the OCR. 

Operation Code Register . A 6 bit register used to hold the commands 
during execution. 



Output A Register to TA Register . Used in TA Register logic to 
cause the information in Al - A7, A9 - A 15 and A 17 - A23 to be read 
into the TA Register. 

Output Command . Decoded from the Operation Code Register. Used 
in the A Register logic to cause the register to recirculate. 

Positive Altimeter Pulse Input. A 75 + 25 ^s pulse occurring each 
time the altimeter senses a unit change in the positive direction. 

Positive Odometer Pulse Input. A 75 + 25 ixs pulse occurring each t^me 
the odometer senses a unit distance chatige in the forward direction. 
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RDI 



RED 



RTE 



SAC 



SAF 



SB 



SBR 



1.1 



3.9 



1.3 ; 



I Si 3.5.3; 

I I 

S I 3. 5.3i 



L I 3.5.3 



L ; 1. 3 ! 



Read Drive Inhibit Flip-flop . Used to inhibit the memory read 
currents when information is not being read. Set after the first 
word of MPY, DIV and IDL. 



Ready to Launch Discrete Output Flip-flop . Set code 7312. 
code 7332. Also reset by MOF. 



Reset 



Rotate Command . Decoded from Operation Code Register. Used 
to control gating in the AU and the IPU for execution of RTE command. 
Prior to the execution of RTE the address field of the RTE instruction 
(in IB13 - IB18) is parallel transferi-ed to CAl - CA6. During DTI 
through DT12 the Control Counter is decremented at a 1 mc rate and 
the combined A and B Registers are rotated two bits at a time, by- 
passing the sign bit position of the B Register (B24), until CAl thi-ough 
CA5 are all zero. During DT13 through DT24 if CA6 =1 the combined ' 
A and B Registers are again rotated to accomplish the one bit right 
shift. The sign bit of the B Register is made the sam.e as the sign bit 
of the A Register. 

Sign Azimuth Coarse Flip-flop. Set code 7301. Reset by CSR. Used - 
in the Output Pulse Gate logic to select either CAN or CAP. 

Sign Azimuth Fine Flip-flop. Set code 7303. Reset by CSR. 
Used in 1) the Output Pulse Gate logic to select either FAN or FAP, 
2) the Carry and Borrow logic (SB, SC) to cause the NS Register to 
increment or decrement and 3) the Coarse Pulse Control (SJl, SJ2) 
in selecting whether a to 1 change or a 1 to change in NS7 will pause 
a Qoarse Output Pulse. 
• 

Star Scanner Borrow. A 2 ;:xs pulse occurring every 7. 5 ms while the 
NS Register is non zero in 1) the Gross Positioning Mode or 2) the 
Star Scanning Mode if either the Azimuth or Elevation fine Eanble (EAF 
or EEF) has been set and the corresponding sign flip-flop (SAF or SEF) 
is true. The pulse is synchronized to occur at the proper word time to 
decrement the NS Register (See HBI). Used in HBKl and HBBl logic. 

Set Bias Register Command. Decoded from Operation Code Register. 
Used in the Bias Register logic to cause the 6 roost signficant bits of 
the Bias Register to be replaced by the address field of the SBR 
instruction and the 6 least significant bits replaced by zero. 
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SC 



SCF 



SCO 



SCP 



scs 



3. 5. 3 Star Sca nner Carry. A 2 ^s pulse occurring every 7. 5 ms while 
the NS Register is non zero if either the Azimuth or Elevation Fine 
Enable (EAF or EEF) has been set and the corresponding sign flip- 
flop (SAF or BE F) is false. The pulse is synchronized to occur at 
the proper timfe to increment the NS Register (See HBI). Used in 
HKBl and HBCl logic. 

LRS and RTE Odd Bit mat Sign Control Flip- Flop . SCF=1 during the 
Fast half of DT24 if an add LRS or RTE is specified. Used in the A24 
and B24 logic to extend the sign bit for the LRS precession. 

3. 5. 4 Sustainer Cut Off Discrete Input. Code 7226. An internally generated 
signal indicating that the NS Register has reached zero in the 
Extrapolator Mode. 

LRS and RTE Precess Control. True during DT13-24 of LRS or RTE 
I if sm odd shift is specified. Used in A and B Register Logic to cause a 
I one bit£ight precessi(» of the c^erand in the combined A and B Registers. 

LRS and RTE Shift Control . True during DTI- 12 of LRS or RTE until the 
rightmost 5 bits of the Control Counter (CAl-CAJ) are zero. Used in the 
Control Counter Logic to enable the counter to decrement and in the A 
and B Register Logic to cause the operand to be right shifted or rotated. 



SCI 


L 


! 1.4 


SC2 


L 


i L4 


SC3 


L 


; 1.4 


SC4 


L 


1.4 



Secondary Counter States. 
Addressing. 



Decoded from CA4-CA6. Used In I^put-Ou^vt 



SDP 



3. 5. 3 Star Detection Pulse. A variable length signal from;.the Star Scanner 
indicating the presence of a star or noise. Used in ttie Carry Flip- 
flop (SHC) logic for the Pulse Width Counter and in the Scan Control 
Counter (SKI, SK2) 



SDl 



3.9 apare Dlsorete Output Flip-Fl{«> No. 1 . 

7334. Also reset by MOF. 



Set code 7314. Reset code 



SE 



SEC 



1. 4 End of Short Command or End of Last Word of Lcaig Command. A 2 |ns 

pulse used in effecting the parallel transfer of the instruction in IB13-IB24 
to the Operation Code Register (0R1-0R6) and the Control Counter 
(CA1-CA6) 

3.5.3 Sign Elevation Coarse Flip- Flop. Set code 7305. Reset by CSR. Used 
In 1) the Ou^ut Pulse Gate logic to select either FEN or FEP, 2) the 
Carry and Borrow logic (SB, SC) to cause the NS Roister to incr«snent 
or decrement and 3) the Coarse Pulse Control (SJl, SJ2) in selecting 
whether a to 1 chaise or a 1 to change in NS7 will cause a Coarse 
Ouiput Pulse. 
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■' ! ■ 

SEM IS I 3.5.4 Start Extr^olator Mode Flip- Flop. Set code 7350. Reset by M OF 

j ! or DOF, Enables EB to decrement NS Register. 

: i ' ■- ^ 

SHC S I 3. 5. 3 Start Pulse Width Counter Carry Flip- Flop. Produces a 2 to 8 ps 

j signal every 7. 5 ms while the Star Detection Pulse is true (SDP=1>, 

! Used in SHS to cause incrementation of the Star Pulse Width Counter. 

SHS L 3. 5. 3 jitar Pulse Width Counter Half Adder. Used to recirculate or increment 

the Star Pulse Width Counter (SW1-SW4). 
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SJl 



SKI 
SK2 



S 
S 



3.5.3 



3. 5. 3 
3.5.3 



Coarse Pulse Control Flip-flops . Used to detect a change from 
to 1 in NS7 if the NS Register is being incremented (SAF*. SEF*=1) 
or a change from 1 to if decremented, during the Scan Mode 
(ISS=1). SJ2 produces a 46 us pulse for each such change w;lnch is 
directed to the Coarse Pulse Output Gates (CAP, CAN, CEP, CEN). 

Scan Control Counter . Used to control the operation of the Star 
Pulse Width Counter (SW1-SW4) and the Scan Past Counter (SP1-SP4) 
during the Star Scan Mode (ISS=1) 



State 


SK2 


SKI 


Operation 











Increment SWC every 7. 5 ms if SDP=1. 
Go to state 1 if ISS=1 and a count of 2 is 
in the Star Pulse Width Counter (SWC). 
(A count of 2 or more in the SWC is the 
condition for a valid star pulse.) 


1 





J. 


Continue incrementing SWC until SDP=0, 
then go to state 2. 


2 


1 


1 


Step SPC every 7. 5 ms until it returns 
to SS7 (15 states), then go to state 3 


3 


1 





Set SSP. Return to state 0, , ' 

i 



SPC 
SPGC 



3.5.3 



3.5. 



Scan Past Counter (SP1-SP4) 

Scan Past Counter Gated Clock. Provides clock pulses for shifting 
the SPC every 7. 5 ms (if SK2=1) or every DT6 if it is not in its 
initial state (SS7) and SK2=0. 
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SPl 
SP2 
SP3 
SP4 



SSP 



S 

s 
s 
s 



3.5.3 
3.5.3 
3.5.3 
3.5.3 



S I 3.5.3 



SP ■ 

SS7 



SS8 



SS9 ; o 



Scan Past Counter. A 4 stage, 15 state Johnson 



type counter used to define a 112. 5 ms overshoot 
past the trailing edge of the star pulse (SDP) in 
the Star Scan Mode (ISS=1). Before a star is 
detected the counter is initialized to state SS7. 
After the fall of the star pulse it steps through the 
sequence as shown, returning to SS7, and indirectlj 
causing the Star Scan Mode to be terminated. 



JSSIO :0 

t- \ — 

SSI 1.1.1.. 



_SS12 
SS13 



SS14 
SS15 



SSI 



SS2 



SS3 



SS4 










I 1 

— (___ 



SS5 



SS6 



1 i 

rrr 



•f 



SS7 



L 



1 




1 I 0! 



1 



Scanner Servo Positioned Flip-flop . Set at the end of the scan 
past the star pulse during ISS, or when the NS Register goes to 
zero during GPM or SEM. Used to reset the Enable flip-flops 
(EAC. EAF, EEC, EEF) and the Mode Control Flip-flops (GPM, 
ISS), and in setting the EXO flip-flop. 







SS7 
STA 



3.5.3 



SI 3. 9 



Scan Past Counter State 7. Decoded from the SPC. 



Staging Discrete Output Flip-flop. 
MOF or DOF. 



Set Code 7352. Reset by 



STO 'i S I 1. 3 j Store Command . Decoded from OCR. Used in A Register and Core 

j Memory logic. During STO the A Register is recirculated and 
i Al and A2 go into CMO and CME. 
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STl 
ST 2 



SUB 



SWC 

SWl 
SW2 

S^\'3 
SW4 

SZ 



SOI 
so 2 
S03 
S04 
305 
S06 
^07 
SIO 
Sll 

SI 



S2 

S2D 

S3 

S4 



S 
S 
S 

is 

r 

! L 



2.8 



3.5.3 
3.5.3 



1.3 



3.5.3 

3. 5. 3 
3.5.3 
3.5.3 
3.5.3 I 

1.4 



2.8 



L 

? 
I 


i 
2.6 ! 


L 


2.6 


! s 


1 
2.6 1 


L 


1.6 


L 


1.8 



Star Scanner Output Pulse Synchronizing Flip-flops . STl produces 
a 46 /is pulse every 7.5 ms during GPM or ISS and is the basic 
timing pulse for the Star Scanner logic. ST2 prevents STl from being 
set more than once during the 7. 5 ms interval. 

Subtract Command. Decoded from OCR. Similar to ADD except that 
the contents of the selected memory location are subtracted from the 
contents of the A Register. 

Star Pulse Width Counter. (SW1-SW4) 

Star Pulse Width Counter. A four stage shift register using a unity 
adder (SHS) for incrementation. Used to accumulate the number of 
STl pulses occurring while SDP=1. The register is cleared to 
zero as its contents are read out during ISW. 



Secondary Counter State Zero. 
Input/Output Addressing. 

S pare Discrete Inputs . 



Decoded from CA4-CA6. Used in 



AU Odd Bit Adder . Produces the odd sum bit during ADD, SUB, MPY 
and DIV. Used in the A Register logic. 

AU Even Bit Adder. Produces the even sum bit during ADD, SUB, 
MPY and DTV. Used in the A Register logic 

S2 Delay Flip-flop. Delays S2 for foir jjls. Used in A Register logic. 

Instruction Counter Half Adder. Produces the Incremented IC 
contents to be read into the ABR during CI. 

Operand Address Adder . Produces the effective address of the 
operand for the Instruction to be executed during the following CO or 
CI. Addresses computed during CO go directly to the ABR. At the 
end of?M|^he address is parallel transferred to the AR and the con- 
tents Q^Ppe effective address are accessed during CI. Addresses 
computed during CI are buffered in the IC for a word time and go to 
the 4SP ^ during C2 to cause operand selection during CO. 
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TAG 
TAGC 

TAR 
TAl 



TA21 

TBI 

TB2 



TC 



TCI 
TC2 

TIM 

TKl 
TK2 
TK3 



3.9 



3.6. 1 



2.8 



3. 6. 1 



3.6. 1 



3.6.2 



1.8 



L S 3.6.2 



M 



S 

s 
s 



2.8 

3.6.2 
3.6.2 
3.6.2 



Target Scanner Discrete Output. Code 7356. 

TA Register Gated Clock . Produces 21 clock pulses per word time 
for shifting the TA Register when it is being recirculated, incre- 
mented or initialized. 

Target Data Discrete Input . Code 7270. 

Gyro Torquing and Autopilot Register. A 21 stage shift register used 
to accept prograffi computed output values for Gyro Torquing and 
Autopilot Control. During Earth Navigation and Preflight, three 
seven bit values corresponding to changes in the torque for three 
axes are sent to the TA Register and incremented or decrem.ented at 
133 kc. During flight, three seven bit values corresponding to steering 
error are sent to the TA Register and held until replaced. 

Gyro Torquer Borrow Pulses. Produce a 2 /us pulse every 7. 5 ros, 
synchronized to occur at the proper time to increment a seven bit 
segment of the TA Register (See HBI). 

Transfer Address Control Flip-flop . Set at the beginning of DTIO 
if the next command to be executed is a TRA, TRM or TRS. For 
these commands the rightmost 8 bits of the instruction are treated 
as an absolute address. Therefore TC is used to prevent X4G from 
turning off until the end of DT15 and to inhibit the Complement 
Control Flip-flop (CC) from being set. 

Gyro Torquer Carry Pulses. Similar to TBI, TB2. Used to 
decrement a seven bit segment of the TA Register. 

Time Marker Discrete Input. Code 7272. 

Gyro Torquer Control Flip-flops . Produce a control sequence every 
7. 5 ms. Used in the generation of the Gyro Torquer Carry and 
Borrow pulses and the Gyro Torquer Output Pulses. 



DT 



TKl. 
TK2. 
TK3 



23 24 



1 2 



23 24 1 



I 



23 24 1 






I 
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TNX 
TNY 
TNZ 



TPG 



TRA 



TRM 



TRS 



1.3 



1.3 



S 3.6.2 

S 3.6.2 

S 3. 6. 2 

L 3.6.2 

L 1.3 



Gyro Torquer Inhibit Flip-flops. Detect zero in each of the three 
seven bit segments of the TA Register corresponding to the X, Y 
and Z axes. Used to inhibit the corresponding Carry, Borrow and 
Output Pulses. 

Torquer Pulse Gate. A state of the Control Flip-flops (TK2-TK3) 
used in the Gyro Torquer Output I*ulse Gates. 

Transfer Absolute Command. Decoded from OCR. Used in IPU 
logic. Prior to execution of TRA the Control Counter (CA1-CA3) 
is initialized to PC7. During the three word times required for 
TRA it counts down to PCS. During PC7 the contents of the Transfer 
Table location specified in the 8 bit address part of the instruction 
replace the contents of the Bias Register and the Instruction Counter, 
and the ABR accepts the new Instruction Counter setting. During 
PCC) the instruction pair in the first transfer location is read into the 
IBR and during PCS the effective address of the operand for the left 
hand instruction is computed. 



Transfer on Minus Command . Decoded from the IBR and the sign 

TRM is used to force the OCR to the 

If A 24=0, no command 
is executed. 



bit of the A Register (A24). 

TRA state if the sign of A is negative (A24=l), 



Transfer to Subroutine Command. Decoded from OCR. Used in IPU 
logic. Same as TRA with the following exceptions: 1) During PC7 the 
contents of the Bias Register and the Instruction Counter are sent to 
the M Register 2) During PC6 the ABR is cleared to zero 3) During 
PCS the contents of the M Register are stored in location zero. If 
TRS is left coded in location n, the unincremented IC(n) will be 
stored. If TRS is right coded, the incremented IC (n+1) will be stored. 



TSA 
TSB 



2,8 
2.8 



Target Selection Discrete Inputs . Codes 7274 and 7276. 



TSX 
TSY 
TSZ 



TXN 
TXP 
TYN 
TYP 
TZN 
TZP 



S 
S 
S 



3.6.2 
3. 6. 2 
3.6.2 



3.6.2 



3. 6. 2 



Gyro Torquing Polarity Control . Detect the sign bits of each of the 
three seven bit segments of the TA Register corresponding to the X, 
Y and Z axes. Used in Carry /Borrow selection, Output Pulse 
selection and zero detection. 

Gyro Torquing Output Pulse Gates. Produce 46 us pulses every 7. 5 ms 
when the corresponding Inhibit Flip-flops are false. Negative (N) and 
positive (P) pulses are mutually exclusive for each axis. 
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UQ 


I 


3. 1. 1 


UR 


I 


3. 1. 1 


UVGC 


L 


3. 1.2 



UVl 



VQ 
VR 

WCl 

ViC2 



S i 3. 1.2 



UV18 ; S i 3. 1. 2 



I ! 3. 1. 1 

I ! 3. 1. 1 

S i 3. 2 
S I 3. 2 

\ 



U Axis Accelerometer Quadrature Signal Input. See AUB. 

U Axis Accelerometer Reference Signal Input. See AUB. 

UV Register Gated Clock . Produces two groups of nine 1 mc clock 
pulses for recirculation and incrementation and two groups of nine 
500 kc clock pulses for readout to the A Register, 

UV Register . An 18 bit shift register used to accumulate pulse 
counts for the U and V axis accelero meters. The UV Register is 
addressable as an input to the A Register and is cleared to zero 
on readout. 

V Axis Accelerometer Quadrature Signal Input. See AUB. 

V Axis Accelerometer Reference Signal Input. See AUB. 

Word Counter. A two stage, four state binary counter providing 
timing signals for 1) control of time sharing of Half Adder B and 
2) synchroniztion of input signals. 



DT 
WCIP 
WCl 
WC2P 
WC2 



24 



24 1 



24 1 



24 1 



T 



24 1 



1 



WDGC : L ; 3. 1. 2 



WDSTEli I i 1. 13 



WDI 



WDl 



WD 18 



1. 1 



S : 3. 1. 2 



3. 1. 2 1 



WD Register Gated Clock. Produces two groups of nine 1 mc clock 
pulses for recirculation and incrementation and two groups of nine 
500 kc clock pulses for readout to the A Register. 

Word Step Signal from MCU . 

Write Drive Inhibit . Copies RDI at DTI. Used to inhibit write 
currents during MPY, DIV and IDL. 

WD Register. An 18 bit shift register used to accumulate pulse 
counts for the W axis accelerometer and real time. The WD Register 
is addressable as an input to the A Register and is cleared to zero 
on readout. 
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WQ 

WR 
WS 

W24 

W25 

W27 

XAB 
XI 



X2 



X4 



X4G 



I 
I 

S 



3. 1. 1 
3. 1. 1 
1. 13 

2.4 

2.4 
2.5 

1.3 



2.6 



2.6 



1.8 



S 1.8 



W Axis Accelerometer Quadrature Signal Input . See AUB. 

W Axis AcceleroiTieter Reference Signal Input . See AUB. 

WDSTEP Sync. Flip-flop. Synchronizes the WDSTEP signal from 
the MCU with the computer word time. Used in IDL logic to enable 
one operation cycle and return to C2. , 

Words 2 through 4 of MPY. Set at the beginning of the second word of 
MPY (PC6) and reset at the end of the 11th add/subtract cycle. Used 
in A, B and M Register logic to control clocks and inputs. 

Last cycle of MPY. True during the last 13 ^s add/subtract cycle of 
MPY. Used in A, B, and M Register logic to control clocks and inputs. 

Words 2 through 7 of DIV . Set at the beginning of the second word of 
DIV (PCe) and reset at the beginning of the 8th word (CZ=1). Used in 
A, B, and M Register logic to control clocks and inputs. 

Exchange A and B Registers Command. Decoded from OCR. Used 
in A and B Register logic. During XAB the contents of the A Register 
are replaced with the contents of the B Register and vice versa. 

Odd Bit Adder Augend Input. Presents the odd bit of the augend to the 
Odd Bit Adder (SI). During DIV the one bit left shifted contents of the 
A Register is the augend input. For the Odd Bit Adder this data appears 
in AB. During MPY. LBT the sign of the contents oc the A Register is 
extended. This data also appears in AB. During MPY. LBT*, ADD 
and SUB, Al is the odd augend input. 

Even Bit Adder Augend Input. Presents the even bit of the augend to 
the Even Bit Adder (S2). The one bit left shifted A Register contents 
appears in Al during DIV and the extended sign bit appears in AB 
during MPY. LBT. During MPY. LBT*, ADD and SUB, A2 is the even 
augend input. 

Operand Address Adder Addend Input. Presents the address field of 
the next command to be executed to the Operand Address Adder. Also 
presents "1" bits for extending the sign or for producing a 77 or 76, 

o 

in the 2 MSD's of the address for absolute addressing. 



8 



X4 Gate Flip-flop. Used to inhibit X4 diring DT15 if the next corhmand 

is not a transfer and does not refer to working storage (77XX or 76XX ). 

o o 



MEMORA\^lJK^9-LA-166 8 AprU 1963 



67 



Yl 



Y2 



Y4 



2.6 



2.6 



Y4G 



1.8 



1,8 



Odd Bit Adder Addend Inputs Presents the odd bit of the addend 

to the Odd Bit Adder (SI). During MPY. LBT* either the multiplicand 

(if Dl-1) or the one bit left shifted ipultiplioand (if D2-1) is the 

addend ii^ut. For the Odd Bit Addor this data appears in either 

Ml or MBo During DIV the dttWir^s the addend ii4>ut and appears . 

in Ml. Dviring ADD and Slffi, JRO is the addend input, . 

Even Bit Adder Addend | ^put."TPresents the even bit of tiie addend 
to the Bten Bit Adder (S2). During MPY, LBT** this data appears 
in 512 (Jf Dl"l) or in Ml (if D2-1). During DIV the divisor data 
aj^ears in M2p Durii« ADD and SUB, MRE is the addend input. 

Q^rand Address Adder Augend Input. Presents tibe oontMits of 
tttther tiie BUls Raster (BSR) or the Instruction Counter (IC) as the 
luisls of the effective address of the operand for the next command to 
be executed. 

Y4 Gate Flip-Fl<H)p Used to enable Y4 if the next command is a core 
reference command or a JOM, 



